
American River Basin 
Attachment 3: Work Plan 

Supporting Documents 
 Att3_IG1_ARB_Workplan_8of10 includes the following: 

Project 
No. 

Project Name Supporting Documentation 
Included 

Notes 

10 

Coyle Avenue and 
Roseview Park Pump 
Stations and 
Treatment Systems 
Project 

Project Manual for Construction, 
Development and Testing of the 
Roseview Park (N37) and the 
Coyle (N38) Wells 

The design of the well portion of 
the proposed project has already 
been completed. This project 
manual forms the basis for the bid 
package that was released in 
December 2010. 

Verner Avenue Well and Treatment 
Facilities Plans and Specifications 

The pump station and treatment 
systems portion of the project will 
be very similar to the previously 
constructed Verner Avenue Well 
and Treatment Facilities Project. 
Plans and specs for the Verner 
Avenue Well project have been 
included. 

11 
Willow Hill Pipeline 
Rehabilitation 
Project 

Underground Solutions Fusible 
PVC Folsom RCP Slipeline 
Budgetary Proposal and Technical 
Submittal 

The rehabilitation method is likely 
to be sliplining using fusible PVC. 
A proposal and technical 
specifications for a previous fusible 
pvc sliplining project has therefore 
been included. 

Fusible PVC Pipe Material 
Specification 

Proposal for a Two Year Water 
Loss Control Program for the City 
of Folsom Utilities Department 

Two Year Water Loss Control 
Program Outline (WSO Inc., March 
2010) identified and prioritized 
distribution system leaks and 
repairs 

12 

Lower American 
River Mile 0.5 
Aquatic Riparian 
Habitat Enhancement 
Project 

Sacramento River Bank Protection 
Project American River RM 0.5R 
Mitigation Site Final Plans and 
Specifications 

The final plans and specifications 
for the proposed project are 
included. 



Project Manual for Construction, Development and Testing of the 
Roseview Park (N37) and the Coyle (N38) Wells

















































































































































































































































 

Verner Avenue Well and Treatment Facilities Plans and Specifications





 

TECHNICAL PROVISIONS 

Division 1 – General Requirements Page No. 
 

Project Summary...................................................................................................... 01100-1 
Mobilization............................................................................................................. 01300-1 
Project Records and Submittals ............................................................................... 01330-1 
Reference Standards and Abbreviations………………………………….……… . 01420-1 
Temporary Traffic Control ...................................................................................... 01555-1 

 Temporary Erosion Control ..................................................................................... 01575-1 
Preservation and Cleanup……………………………………………………….… 01740-1 

 Project Closeout……………………………………………………………………01750-1 
 

Division 2 – Site Construction 
 
Clearing and Grubbing............................................................................................. 02200-1 
Earthwork................................................................................................................. 02300-1 
Trench Excavation and Backfill............................................................................... 02320-1 
Paving ...................................................................................................................... 02740-1 
Sprinkler Irrigation................................................................................................... 02810-1 
Chain Link Fencing.................................................................................................. 02820-1 

 Landscaping ............................................................................................................. 02900-1 
 
Division 3 - Concrete 

 
Concrete ................................................................................................................... 03300-1 
Pre-Cast Concrete .................................................................................................... 03400-1 
Grout ...................................................................................................................... 03600-1 
 

Division 4 - Masonry 
 
Concrete Masonry Units .......................................................................................... 04200-1 

 
Division 5 – Metals 
 

Metal Fabrications ................................................................................................... 05500-1 
 
Division 6 – Wood and Plastic 
 

Rough Carpentry...................................................................................................... 06100-1 
 Prefabricated Wood Trusses.………………………………………………………06170-1 
 Fiberglass Grating………………………………………………………………….06600-1 
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Division 7 – Thermal and Moisture Protection Page No.  
 
Preformed Ribbed Metal Roofing............................................................................ 07410-1 
Joint Sealants………………………………………………………………………07900-1 
 

Division 8 – Doors and Windows    
 
 Metal Doors and Frames.......................................................................................... 08110-1 

Finish Hardware……………………………………………………………………08710-1 
 
Division 9 - Finishes 
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Division 10 - Building 

 
Building.................................................................................................................... 10050-1 
Signs and Safety Equipment .................................................................................... 10440-1 

 
Division 11 – Equipment – (Not Used) 
 
Division 12 – Furnishings – (Not Used) 
 
Division 13 – Special Construction – (Not Used) 
 
Division 14 – Conveying Systems – (Not Used) 
 
Division 15 – Mechanical 
 

Pipe (Station, Distribution, and Drainage)............................................................... 15025-1 
Valves and Related Appurtenances ......................................................................... 15110-1 
Submersible Pump Components .............................................................................. 15133-1 
Chemical Feed Equipment....................................................................................... 15140-1 
Disinfection of Well, Pump, and Piping .................................................................. 15145-1 
Performance Testing and Facility Startup................................................................ 15950-1 

 
Division 16 - Electrical 
 

Electrical .................................................................................................................. 16010-1 
Conduit, Boxes & Grounding .................................................................................. 16110-1 
Wire, Fuses & Terminal Blocks............................................................................... 16120-1 
Automatic Transfer Switch ...................................................................................... 16250-1 
Panelboard and Power Transformer......................................................................... 16470-1 
Variable Frequency Drive........................................................................................ 16481-1 

 Solid State Soft Starter............................................................................................. 16482-1 
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PLC and OI Hardware ......................................................................................................... 16910-1 
PLC & OI Applications Programming ................................................................................ 16915-1 
SCADA System Applications Programming....................................................................... 16925-1 
Instrumentation .................................................................................................................... 16940-1 
  
 
 
Appendix A – Storm Water Pollution Prevention Plan, May 2006 
 
 
Appendix B - Plans 
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PART 5 - TECHNICAL SPECIFICATIONS 
 

SECTION 01100 - PROJECT SUMMARY 
 
 
 
PART 1 - GENERAL 
 
1.01  PROJECT DESCRIPTION 
The work to be completed under this Contract consists of furnishing all materials, labor, 
equipment, fuel, and tools required to construct one pump station for the Sacramento Suburban 
Water District as illustrated on the plans, and detailed in these specifications.  The work includes, 
but is not limited to the following: 
 

A. Clearing and grading the area around the new pump station.  This work is to be 
accomplished prior to construction of the building, and all underground facilities. 
Only trees identified as such can be removed. Also refer to the arborist report, on 
file with the District. 

 
B. Construction of foundations, slabs, and structures for the pump pedestal, motor 

control center, electric utility pad, building and drainage structures.  
 

C. Construction of a concrete masonry unit building with a metal, removable roof 
section for well and pump access.  It is important to note that the removable 
section is design so that when the roof and door headers are removed (by removal 
of bolts and screws only), there is a clear, unobstructed path for working on the 
well and/or pump assembly. It is further intended that the doors will remain 
hanging during roof removal and can be shut to assist in securing the building 
during periods when the roof is removed. 

 
D. Installation of a 200 horsepower submersible pump and motor, drop pipe 

(column) assembly, power cable, surface plate and elbow, and water level 
measuring equipment. This equipment is to be installed by a firm licensed, 
actively engaging and specializing in the full-time sales, repair and installation of 
large horsepower submersible pumps.  
 

E. Installation of station and underground piping to include valves, flanges, gages, 
meters and all other related appurtenances to connect to the well pumping facility 
to the existing drinking water distribution piping. 

 
F. Installation of a sanitary sewer drop box and pipeline to convey wastewater to the 

existing sanitary sewer system. 
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G. Installation of all storm drain facilities including piping, drop inlets, manholes, 
and related appurtenances to connect to the existing county/city storm drain 
system. 

 
H. Installation of a chemical feed system and metering equipment including metering 

pumps, injection assemblies, and all appurtenant tubing, valving, and spare parts. 
 

I. Installation of one 460-volt, 60-Hz, 3-phase, 4-wire electrical service including 
underground primary and secondary conduits and conductors from the 
transformer pad to the motor control center; the motor control center; conduits, 
antenna, mast and coax cable for the SCADA system; conduits for a future 
booster building and/or storage facilities; and, all conduits, wiring, heaters, fans, 
and switches.  

 
J. Painting of all components as specified herein. 
 
K. Placing and compacting the base and asphalt concrete paving for the parking and 

roadway areas.  Upon completion, the entire paved area will be slurry-coated in 
accordance with these Specifications. 

 
L. Construction of a man gate, a rolling gate, and a double swing gate. The rolling 

gate shall be installed complete with a gate operator, loop detectors, obstruction 
detection device, knox box for Fire District access, and operating transmitters 
(key fobs).  Work will also include the installation of vinyl-coated 8 foot high 
chain link fencing, and a post/cable vehicle barriers shown in the locations on the 
plans.  

 
M. Installation of landscaping, along with all controls, valving, wire, piping, sprinkler 

heads, shrubs and other landscape plants, all as shown on the plans. 
 

N. Installation of the driveway, and curbs, along with all associated grading, as 
shown on the plans.  Work will also include the installation of a new curb, gutter 
and sidewalk along Verner Avenue. 

 
O. Installation of site signage, for ready identification of the facility. 
 
P. Restoration and clean-up of the site after project completion.   

 
Q. Performance testing of all components of the pump station, including startup 

training and orientation of SSWD operations employees. 
 
R. Disinfection of the well, pump, and all piping and fittings. 
 
S. Record keeping of submittals and performance testing. 
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T. Submission of all operation and maintenance manuals.  
  
1.02  OWNER AND ENGINEER 
 

A. Owner  
Sacramento Suburban Water District 
3701 Marconi Avenue, Suite 100     
Sacramento, CA 95821-5303 
Phone: (916) 972-7171; Fax: (916) 972-7194 
Contact person is: Warren Jung, SSWD Capital Improvements Engineer 

 
B. Engineer 

Luhdorff and Scalmanini Consulting Engineers 
500 First Street 
Woodland, CA  95695 
Phone: (530) 661-0109; Fax: (530) 661-6806 
Contact person is: William Gustavson, Principal Project Manager. 

 
1.03  EXAMINATION OF DOCUMENTS AND SITE   
Before submitting a proposal, each bidder shall carefully examine the Drawings, Bid Documents, 
and Specifications.  Bidder shall visit the site and fully inform themselves as to all existing 
conditions and limitations applying to the work.  If, after such examination and study, it appears 
that any change from the Drawings and Specifications should be allowed, the bidder shall so 
state in writing seven (7) days prior to submission of bids. 
 
By the act of submitting a proposal, each bidder shall be deemed to have made such 
examinations of the Drawings, Specifications, and premises, and it will be assumed that the 
bidder is therefore familiar with the entire scope of the project and has based the proposal upon 
the work described in the Drawings and Specifications and upon all existing conditions and 
limitations applying to his work. 
 
1.04  MATERIALS FURNISHED BY CONTRACTOR 
All materials furnished by the Contractor shall be new, in first-class condition and subject to the 
approval of the Engineer. 
 
1.05 CONTRACTOR’S FACILITIES 
The Contractor shall make arrangements for providing sanitary facilities for their personnel.  
Locations of sanitary facilities, storage areas, and other Contractor installations shall be subject 
to prior approval of the Engineer. 
 
1.06 WORK HOURS 
Work hours shall be Monday through Friday 7:00 AM to 6:00 PM, with no work allowed on 
weekends or holidays. 
 
1.07 TEMPORARY UTILITIES AND SITE OPERATIONS 
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A. Electricity 

The Contractor shall arrange with the local utility to provide adequate electrical 
service at a mutually agreed upon location.  The Contractor shall provide, at its 
own cost, all electrical power needed for construction, general and security 
lighting, and all other purposes as deemed necessary. 

 
B. Construction Water 

Water shall be provided by the Owner at the Owner’s expense at a location to be 
determined by the Owner.   

 
C. Discharge and/or Containment of Construction Waters 

The Contractor shall exercise care and diligence to limit damage caused by 
erosion and sediment loosened by the Contractor’s operation and shall take all 
precautions necessary to protect adjacent properties and drainage ditches.  See 
Section 01575 – TEMPORARY EROSION for further details.  Additionally, a 
Storm Water Pollution Prevention Plan (SWPPP), dated May 2006, has been 
developed for this project. A copy of this document is included in the Appendix.  

 
1.08 SAFETY AND PRECAUTIONS 
The Contractor shall conduct operations in accordance with the rules and regulations of the Local 
Government, California Division of Industrial Safety, and the current requirements of the 
Occupational Safety and Health Administration (Cal. OSHA).  Contractor is responsible for site 
conditions, including public safety, dust control, and sediment control, continually and not 
limited to normal working hours.  Contractor shall provide contact information for 
representatives available during working hours and during after-hours, weekends, and holidays. 
 
1.09  PERMIT REQUIREMENTS 
The Contractor shall comply with the terms and conditions of all appropriate licenses or permits. 
 
 A. Encroachment Permits 

Work within and along Verner Avenue falls under the jurisdiction of the City of 
Citrus Heights. Plans have been submitted to the City for approval of the issuance 
of an encroachment permit. Once approval has been obtained, the Contractor shall 
obtain, at his or her own expense, the encroachment permit from the City.  A 
traffic control plan, in accordance with Section 01555 – TEMPORARY 
TRAFFIC CONTROL will be required as part of the encroachment permit 
application.  To secure the permit, the Contractor shall contact the City of Citrus 
Heights at (916) 727-4770.  
 

B. Building Permit 
 The District’s Engineer will inspect the construction of the building and all 

electrical work. The Contractor will not be required to obtain a permit for these 
items from the City.  
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C. Sanitary and Storm Sewer Permits 
 The District will secure a Sanitary Sewer Permit from the Sacramento Regional 

County Sanitation District (SRCSD) and the County of Sacramento for 
connection to the storm drain.   

 
PART 2 - MATERIALS (Not used) 
 
PART 3 - EXECUTION (Not used) 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for work in this Section.  Payment for work in this Section 
shall be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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 SECTION 01300 – MOBILIZATION  
 

Bid Item No. 1 
         
  
PART 1 - GENERAL 
      
1.01  SCOPE 
This Section covers mobilization which shall consist of preparatory work and operations, 
including, but not limited to, those necessary for the movement of personnel, equipment, 
supplies and incidentals to the project site; for the establishment of all offices, buildings, 
sanitation and other facilities necessary for work on the project; and for all other work and 
operations which must be performed or costs incurred prior to beginning work on the various 
contract items at the project site, complete. 
 
PART 2 - MATERIALS (Not used) 
 
PART 3 - EXECUTION  
 
3.01  MOBILIZATION 
Location of sanitary facilities, storage areas, parking areas and other Contractor installations 
shall be subject to the prior approval of the Engineer.  The following items shall be included in 
the Contractors mobilization: 
 

A. The Contractor shall move all of the necessary plant and equipment that will be 
required for the first month of operation onto the job site. 

  
B. The Contractor shall provide any needed temporary construction power and lighting 

facilities. 
 
C. The Contractor shall comply with all fire protection requirements. 
 
D. The Contractor shall provide on-site sanitary facilities. 
 
E. The Contractor shall obtain all necessary permits.  See Section 01330–PROJECT 

RECORDS AND SUBMITTALS for additional requirements. 
 
F. The Contractor shall comply with all OSHA required notices and establish safety 

programs. 
 

G. The Contractor shall have the construction superintendent on the job site full time. 
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PART 4 - MEASUREMENT AND PAYMENT 
 

A. When the monthly progress payment estimate of the amount earned, not including the 
amount earned for Mobilization, is 5-percent or more of the original contract amount, 
50-percent of the contract item price for mobilization shall be included in said 
estimate for payment. 

 
 B. When the monthly progress payment estimate of the amount earned, not including the 

amount earned for Mobilization is 50-percent or more of the original contract amount, 
the total amount earned for Mobilization shall be 100-percent of the contract item 
price for mobilization and said amount shall be included in said estimate for payment. 

 
 C. The contract lump sum price paid for mobilization shall include full compensation for 

furnishing all labor, material, tools, equipment, and incidentals for doing all the work 
involved in mobilization as specified above.   

  
 D. No adjustment shall be made what-so-ever to the original lump sum item price of 

mobilization. If other contract items are adjusted, and if the costs applicable to such 
item work include mobilization cost, such mobilization will be deemed to have been 
recovered by the payments made for mobilization, and will be excluded from 
consideration in determining compensation. 

 
 E. The retention provisions contained in this contract shall not apply to the lump sum 

item price of mobilization 
 
Mobilization shall be paid for on a Lump Sum basis as stated in the Bid Item Schedule for the 
item listed below and shall be no more than five percent (5%) of the Bid Total. 
 

Bid Item No. 1 – MOBILIZATION 
 
 
 

-END OF SECTION- 
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 SECTION 01330 - PROJECT RECORDS AND SUBMITTALS 
 

Bid Item No. 2 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section delineates the procedure the Contractor is to adhere to in the submission of 
documentation for material approval, and covers the records required of the Contractor following 
completion of the work. 
 
PART 2 - MATERIALS (Not used) 
 
PART 3 - EXECUTION 
 
3.01  SUBMITTALS 
 

A.  Progress Schedule 
Within seven (7) calendar days after receiving the Notice to Proceed and before any 
work is begun, the Contractor shall submit four (4) copies of a Progress Schedule 
(normally in bar chart form) showing estimated starting and completion dates for each 
part of the work.  The dates of ordering and delivery of major materials and electrical 
and mechanical equipment shall be shown on the schedule.  The first progress payment 
will not be issued until the progress schedule is submitted. 

 
B.  Supervisory Personnel 

The Contractor shall submit a list of supervisory personnel who will be responsible for 
the performance of the Contract.  The Contractor shall designate one (1) person who will 
have full decision-making authority to represent the Contractor on a daily basis at the 
project site.  The list will include phone numbers where the personnel may be reached by 
the Engineer and Owner. 

 
C.  Shop Drawings 

The term "shop drawings" includes drawings, diagrams, layouts, schematics, descriptive 
literature, illustrations, schedules, performance and test data, and similar materials 
furnished by the Contractor to explain in detail specific portions of the work required by 
the Contract. 

 
At least fifteen (15) working days prior to the need for approval, the Contractor shall 
forward to Engineer, for approval, all submittals required by the individual sections of 
the specifications.  Unless a different number is called for by an individual section, six 
(6) copies of each shop drawing, material description, and specification literature and 
three (3) specimens of each sample are required, all of which will be retained or 
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distributed by the Engineer.  The Contractor shall submit whatever additional number of 
shop drawings and literature, in addition to the above requirements, that the Contractor 
wants returned.  The Engineer may require the Contractor to submit a legible 
reproducible print in addition to the above copies.  Contractor shall number each type of 
material separately and identify the use of each material. 

 
All submittals shall be transmitted to the Engineer by mail or in person with the letter of 
transmittal included in these documents.  The Engineer will return all reviewed 
submittals to the Contractor within fifteen (15) working days. 

 
Contractor shall coordinate all such drawings, and review them for legibility, accuracy, 
completeness, and compliance with contract requirements, and shall indicate approval 
thereon as evidence of such coordination and review.  Shop drawings submitted to the 
Engineer without evidence of the Contractor's approval will be returned for 
resubmission. 

 
Approval by the Engineer shall not relieve the Contractor from responsibility for any 
errors or omissions in such drawings, nor from responsibility for complying with 
requirements of this Contract, except with respect to variations described and approved 
in accordance with the Paragraph below. 

 
If shop drawings show variations from contract requirements, the Contractor shall 
describe such variations in writing, separate from the drawings, at time of submission.  
All such variation must be approved by the Engineer. 

 
1. Engineer’s Approval 

The Engineer will indicate approval or disapproval of each submittal, and the 
reasons for disapproval. 

 
a.   If no corrections are required, the copies will be returned marked "NO 

EXCEPTIONS TAKEN." Work may begin immediately on 
incorporating the material and equipment covered by the submittal into 
the project. 

 
b. If limited corrections are required, the copies will be returned marked 

"MAKE CORRECTIONS NOTED."  Work may begin immediately on 
incorporating the material and equipment covered by the corrected 
submittal into the project. 

 
c. If insufficient or incorrect data has been submitted, the copies will be 

returned marked "AMEND & RESUBMIT."  No work incorporating the 
material and equipment covered by this submittal into the project may 
begin until the submittal has been revised, resubmitted, and returned 
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marked either "NO EXCEPTIONS TAKEN" or "MAKE 
CORRECTIONS NOTED." 

 
d. If the submittal is unacceptable, the copies will be returned marked 

"REJECTED - SEE REMARKS."  No work incorporating the material 
and equipment covered by this submittal into the project may begin until 
a new submittal has been made and returned marked either "NO 
EXCEPTIONS TAKEN" or "MAKE CORRECTIONS NOTED." 

 
e. The Contractor shall not change any drawing after it has been marked 

“NO EXCEPTIONS TAKEN” or “MAKE CORRECTIONS NOTED,” 
or change any approved equipment or material without written 
permission of the Engineer. 

 
f. If more than three (3) submittals for a single item are required because 

of incorrect or insufficient data, or the submittal is unacceptable, or 
because the Contractor wishes to change previously approved material, 
then all costs incurred by the Engineer for the additional review shall be 
deducted from monies due the Contractor. 

 
D.  Certificates 

For those items called for in individual sections, the Contractor must furnish certificates 
from manufacturers, suppliers, or others certifying that materials or equipment being 
furnished under the Contract comply with the requirements of these specifications. 

 
Certificates of compliance shall conform to the provisions in Section 6-1.07 "Certificates 
of Compliance" of the CalTrans Standard Specifications and these special provisions. 

 
Certificates of compliance from the Contractor, suppliers, and/or manufacturers, shall 
clearly indicate that the material to be delivered to the jobsite will meet all requirements 
of the specifications.  A certificate of compliance shall include, but not be limited to the 
project title, delivery location, date (or approximate date) of delivery, name of the 
material with appropriate classification or model numbers, quantity, name of the 
manufacturer, statement of compliance with all requirements of the specifications, and 
certifier's name, title and signature.  In addition, a factory or mill certification (laboratory 
test report), if required by the specifications, shall be submitted with certificate of 
compliance.  The factory or mill shall not substitute the certificate of compliance, unless 
it contains all information required for a certificate of compliance as described above. 

 
Insufficient, incomplete, or unclear certificates shall be rejected and shall be resubmitted. 
The Contractor shall be responsible for all delays caused by the resubmittals. 
 

E.  Samples 
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Samples shall be of sufficient size to clearly illustrate functional characteristics and full 
range of color, texture, and pattern. 

 
 
 
3.02  NOTIFICATIONS 
The Contractor shall notify the Engineer at least seven (7) calendar days prior to commencement of 
the construction and shall furnish the Engineer at least one (1) day notice when inspections are 
required. 
 
3.03  RECORDS 
The Contractor shall provide, prior to acceptance of all work, all records as herein specified and as 
specified in the individual sections of the Contract Documents. Six (6) sets of all records shall be 
furnished to the Engineer for review, approval and distribution to the interested parties. 
 
All submitted records shall be contained in a manual or manuals consisting of 8-1/2 x 11 inch 
hardback 3-ring (“D” ring) binders and indexed.  Included in each manual shall be catalog data on 
each item, together with parts lists, description of operation, maintenance information, shop 
drawings, wiring and riser diagrams, along with all test data.  Catalogs and data in the manual shall 
be neat, clean copies.  Drawings shall be accordion folded to letter size and installed in an envelope 
within the manual.  An index shall be provided, which shall list all contents in an orderly manner, 
with the respective equipment suppliers' name, address and telephone number.  The manufacturer’s 
recommended servicing instructions shall also be included.  Diagrams shall be complete for each 
system installed.  Provide divider sheets with identifying tabs between each category. 
 
3.04  AS-BUILT DRAWINGS 
The Contractor shall maintain a separate, neat, and legible set of construction drawings showing as-
built conditions of all constructed facilities.  Changes shall be shown to scale in red on the 
appropriate Drawings.  The locations of installed underground and hidden utilities will be shown and 
dimensioned to appropriate reference points.  No work shall be permanently concealed until the 
required information has been recorded. 
 
Where the Drawings are not of sufficient size, scale, or detail, the Contractor shall furnish his/her 
own drawings for incorporation of details and dimension.  In such cases, the Contractor shall provide 
a reproducible set of his/her drawings, suitability cross referenced to the Contract Drawings. 
 
The as-built drawings shall be maintained up to date at all times.  Prior to any progress payments, 
the Engineer shall review the status of the as-built construction drawings.  The Engineer shall 
withhold approval of progress payments until the as-built drawings are up to date. 
 
Upon completion of the Contract, the Contractor shall furnish two (2) satisfactory sets of as-built 
construction drawings.  Drawings shall be certified that conditions shown are as-built.  Final 
payment shall be withheld until the as-built construction drawings are received and accepted by the  
Engineer. 
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PART 4 -  MEASUREMENT AND PAYMENT 
 
Project Records and Submittals, satisfactorily completed, shall be paid for on a Lump Sum basis as 
stated in the Bid Item Schedule for the item listed below and shall be no more than one percent 
(1%) of the Bid Total. 
 
 Bid Item No. 2 - PROJECT RECORDS AND SUBMITTALS 

 
 
 

-END OF SECTION- 
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SECTION 01420 – REFERENCE STANDARDS AND ABBREVIATIONS 
 
 
 
PART 1 – GENERAL 
 
1.01  REFERENCE STANDARDS     
The Contract Documents contain references to various standard specifications, code practices, 
and requirements for materials, work quality, installation, inspections, and tests, which are 
published and issued by various organizations, societies and associations.  Such references are 
hereby made a part of the Contract Documents to the extent required. 
 
When such references are specified, and the effective dates are not given, it shall be understood 
that the current edition or latest revision thereof and any amendments or supplements in effect on 
the date that the work is advertised for Bids, shall govern the work. 
 
Reference standards are not furnished with the Contract Documents since the Contractor, 
subcontractors, manufacturers, and the trades involved are assumed to be familiar with their 
requirements.  The Engineer will furnish, upon request, information as to how copies of specified 
standards may be obtained. 
 
1.02  INTERPRETATION OF SPECIFICATIONS AND DRAWINGS 
The Special Provisions, Description of Work, Construction Details, Drawings, Shop Drawings, 
Contract Change Orders, and all other supplementary documents are essential parts of the 
Contract Documents, and a requirement occurring in one is as binding as though occurring in all.  
They are intended to be complementary and to describe and provide for complete work.  
 
In resolving conflicts resulting from errors or discrepancies in any of the Contract Documents, 
the order of precedence shall be as follows: 

 
A. Permits from other agencies as may be required by law 
B. Addenda, Supplemental Agreements and Change Orders, the one dated later having 
      the precedence over another dated earlier. 
C. Agreement 
D. Contractor's Bid (Bid Form) 
E. General Requirements  
F. Supplementary General Conditions 
G. Invitation to Bid 
H. Instructions to Bidders 
I. General Conditions 
J. Technical Specifications (Section 01100 and all other Sections following) 
K. Referenced Standard Specifications 
L. Drawings 
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 With reference to the Drawings the order of precedence is as follows: 
 

A. Figures govern over scaled dimensions 
B. Detail or shop drawings govern over general drawings 
C. Addenda/Change Order drawings govern over any other drawings 
D. Contract Drawings govern over standard drawings 
E. Specifications shall govern over Plans, except where items are shown on the Plans 

and are not specifically included in the Specifications, then the Plans shall govern. 
F. Specifications shall govern over shop drawings. 

 
 The provisions or the Contract Documents shall take precedence over any Laws or Regulations 

applicable to the performance of the work unless such an interpretation of the provisions of the 
Contract Documents would result in a violation of such Law or Regulation. 
  
Should it appear that the work to be done or any of the matters relative to the project are not 
sufficiently detailed or explained in the Contract Documents, the Bidder or Contractor shall 
apply in writing to the Engineer for further explanations as may be necessary. 
 
1.03  LAWS, CODES AND REGULATIONS 
All materials, installation, and construction shall comply with the applicable provisions of 
current laws, safety rules and regulations of the City of Citrus Heights, County of Sacramento, 
the State of California, the Federal Government, and any other applicable authority.  In this 
connection, the Contractor’s special attention is directed to the following:  
 

UBC  - Uniform Building Code 
OSHA  - Occupational Safety and Health Administration 
ACI  - American Concrete Institute 
ASTM  - American Society for Testing and Materials 
AWWA - American Water Works Association 
AISC  - American Institute of Steel Construction 
EPA  - Environmental Protection Agency 
CEQA  - California Environmental Quality Act 

 RCRA  - Resource Conservation and Recovery Act 
 NFPA  -  National Fire Protection Association 
 
Whenever reference is made to “CalTrans Standard Specifications” it shall be understood to be 
the most recent addition of the State of California, Department of Transportation, Standard 
Specifications.   
 
If any of these laws and standards should conflict with any of the Specifications contained 
herein, the Contractor shall notify the Engineer in writing and the Engineer shall resolve the 
conflict.   
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1.04  REGULATIONS RELATED TO HAZARDOUS MATERIALS 
The Contractor shall comply with all EPA, OSHA, RCRA, NFPA, and any other Federal, State, 
and Local Regulations governing the storage and conveyance of hazardous materials, including 
petroleum products, for all work included in the Contract Documents. 

   
1.05  ABBREVIATIONS 
If the following abbreviations are used in these Specifications, the intent and meaning shall be 
interpreted as follows: 

 
AA   - Aluminum Association 
AAMA - Architectural Aluminum Manufacturer’s Association 
AAR  -  Association of American Railroads 

 AASHTO - American Association of State Highway and Transportation Officials 
 AATCC - American Association of Textile Chemists and Colorists 

ACI  - American Concrete Institute 
 AFBMA - Anti-Friction Bearing Manufacturer’s Association, Inc. 

AFPA  - American Forest Products Association 
AGA  - American Gas Association 
AGMA - American Gear Manufacturer’s Association 
AHA  - American Hardboard Association 
AHAM - Association of Home Appliance Manufacturers 
AI   - The Asphalt Institute 
AIA  - American Institute of Architects 
AISC  - American Institute of Steel Construction 
AISI  - American Iron and Steel Institute 
AITC  - American Institute of Timber Construction 
AMCA - Air Moving and Conditioning Association 

 ANS  - American Nuclear Society 
ANSI  - American National Standards Institute, Inc. 
APA  - American Plywood Association or American Parquet Association, Inc. 
API  - American Petroleum Institute 
APWA  - American Public Works Association 
ARI  - Air-Conditioning and Refrigeration Institute 
ASA  - Acoustical Society of America 
ASAE  - American Society of Agricultural Engineers 
ASCE  - American Society of Civil Engineers 
ASHRAE - American Society of Heating, Refrigerating, and Air Conditioning 

Engineers 
ASLE  - American Society of Lubricating Engineers 
ASME  - American Society of Mechanical Engineers 
ASNT  - American Society of Nondestructive Testing 
ASQC  - American Society for Quality Control 
ASSE  - American Society of Sanitary Engineers 
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ASTM  - American Society for Testing and Materials 
AWCI  - American Wire Cloth Institute 
AWPA  - American Wood Preservers Association 
AWPI  - American Wood Preservers Institute 
AWS  - American Welding Society 
AWWA  - American Water Works Association 
BBC  - Basic Building Code, Building Officials and Code Administrators 

International 
BHMA - Builders Hardware Manufacturer’s Association 
CABO  - Council of American Building Officials 
CBM  - Certified Ballast Manufacturers 
CCW  - Counter Clockwise 
CDA  - Copper Development Association 
CEMA  - Conveyor Equipment Manufacturer’s Association 
CEQA  - California Environmental Quality Act 
CGA  - Compressed Gas Association 

 CLPCA - California Lathing and Plastering Contractors Association 
CLFMI - Chain Link Fence Manufacturer’s Institute 
CMA  - Concrete Masonry Association 
CRSI  - Concrete Reinforcing Steel Institute 

 DCDMA - Diamond Core Drill Manufacturer’s Association 
DHI  - Door and Hardware Institute 
DIPRA - Ductile Iron Pipe Research Association 
EIA  - Electronic Industries Association 
ETL  - Electrical Test Laboratories 
EPA  - Environmental Protection Agency 
FCC  - Federal Communications Commission 
FCI  - Fluid Controls Institute 
FM   - Factory Mutual System 
FPL  - Forest Products Laboratory 
HI   - Hydronics Institute 
HPMA  - Hardwood Plywood Manufacturer’s Association 
IAPMO - International Association of Plumbing and Mechanical Officials 
ICBO  - International Conference of Building Officials 
IEEE  - Institute of Electrical and Electronics Engineers 
IES  - Illuminating Engineering Society 
IME  - Institute of Makers of Explosives 
IP   - Institute of Petroleum (London) 
IPC  - Institute of Printed Circuits 
IPCEA  - Insulated Power Cable Engineers Association 
ISDSI  - Insulated Steel Door Systems Institute 
ISA  - Instrument Society of America 
ISEA  - Industrial Safety Equipment Association 
ISO  - International Organization for Standardization 
ITE  - Institute of Traffic Engineers 
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MBMA - Metal Building Manufacturer’s Association 
MIL  - Military Standards (DoD) 
MPTA  - Mechanical Power Transmission Association 
MSS  - Manufacturer’s Standardization Society 
MTI  - Marine Testing Institute 

 NAAMM - National Association of Architectural Metal Manufacturers 
NACE  - National Association of Corrosion Engineers 

 NAGDM - National Association of Garage Door Manufacturers 
NB   - Boiler and Pressure Vessel Inspectors (alternate NBBPVI) 
NBS  - National Bureau of Standards (Now NIST) 
NCCLS - National Committee for Clinical Laboratory Standards 
NEC  - National Electrical Code 
NEMA  - National Electrical Manufacturer’s Association 
NETA  - International Electrical Testing Association 
NFPA  - National Fire Protection Association, or National Fluid Power 

Association, or National Forest Products Association 
NISO  - National Information Standards Organization 
NLGI  - National Lubricating Grease Institute 
NMA  - National Microfilm Association 
NRCA  - National Roofing Contractor’s Association 
NSF  - National Sanitation Foundation 
NWMA - National Woodwork Manufacturer’s Association 

 NWWDA - National Wood Window and Door Association 
OSHA  - Occupational Safety and Health Administration 
PCA  - Portland Cement Association 
PPI   - Plastics Pipe Institute 
RCRA  - Resource Conservation and Recovery Act 
RIS  - Redwood Inspection Service 
RMA  - Rubber Manufacturer’s Association 
RVIA  - Recreational Vehicle Industry Association 
RWMA - Resistance Welder Manufacturer’s Association 
SAE  - Society of Automotive Engineers 
SAMA  - Scientific Apparatus Makers Association 
SDI  - Steel Door Institute 
SMA  - Screen Manufacturer’s Association 
SMACCNA- Sheet Metal and Air Conditioning Contractors National Association 
SPI   - Society of the Plastics Industry, Inc. 
SPIB  - Southern Pine Inspection Bureau 
SPR  - Simplified Practice Recommendation 
SRCSD - Sacramento Regional County Sanitation District 
SSA  - Swedish Standards Association 
SSBC  - Southern Standard Building Code, Southern Building Code Congress 
SSPC  - Society for Protective Coating 

 SSPWC - Standard Specifications for Public Works Construction 
TAPPI  - Technical Association of the Pulp and Paper Industry 
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TFI  - The Fertilizer Institute 
TIA  - Telecommunications Industries Association 
TPI  - Truss Plate Institute 
UBC  - Uniform Building Code 
UL   - Underwriters Laboratories, Inc. 
WCLIB - West Coast Lumber Inspection Bureau 

 WCRSI - Western Concrete Reinforcing Steel Institute 
WEF  - Water Environment Federation 
WIC  - Woodwork Institute of California 
WOG  -  
WRI  - Wire Reinforcement Institute, Inc. 
WSP  - Welded Steel Pipe 

 WWPA - Western Wood Products Association 
 
 
PART 2 - MATERIALS (Not Used) 
 
PART 3 - EXECUTION (Not Used) 
 
PART 4 - MEASUREMENT AND PAYMENT   
 
No separate payment will be made for Reference Standards and Abbreviations.  Payment for 
work in this Section shall be included as part of the applicable Lump Sum or Unit Prices stated in 
other Sections. 
 
 
 

-END OF SECTION- 
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SECTION 01555 - TEMPORARY TRAFFIC CONTROL 
 
 
   
PART 1 - GENERAL  
  
1.01 SCOPE OF WORK 
  
 A. The Contractor shall provide all equipment, materials, and personnel necessary to 

provide for traffic control along streets where work will be performed.  Equipment 
includes, but is not limited to, lighting, signage, barricades, flags, and traffic cones.   

 
 B. The Contractor shall prepare a Traffic Control Plan in accordance with the State of 

California Department of Transportation and as specified herein. 
 
1.02 QUALITY ASSURANCE 

 
A. No changes or deviations from the approved detailed Traffic Control Plan shall be made, 

except temporary changes in emergency situations, without prior approval of the 
Engineer, and all agencies having jurisdiction.  

 
B. The Contractor shall immediately notify the Engineer, and the agencies having 

jurisdiction of occurrences that necessitate modification of the approved Traffic Control 
Plan. 

 
C. Contractor shall drive along the pipeline work alignment and coordinate with Owner to 

identify traffic control needs and high traffic areas that require special traffic 
considerations and scheduling. 

 
1.03 SUBMITTALS 

 
 A. The Contractor shall submit to the Engineer for review and approval, in accordance with 

Section 01330, a Traffic Control Plan at the time of the pre-construction meeting.  Traffic 
Control Plan shall be prepared by professional having a minimum of 5 years of 
professional experience in the design of temporary traffic controls.  Contractor shall remain 
responsible for adequacy of the Traffic Control Plan, equipment, and personnel. 

 
PART 2 - PRODUCTS  
  
2.01 TRAFFIC CONTROL DEVICES  
  

A. Signs, flags, and other warning and safety devices for maintaining traffic and detour 
purposes as indicated in Part 3 of this Section shall conform to the requirements set forth 
in the current Manual of Traffic Controls issued by the State of California Department of 
Transportation. 
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1. Warning signs used for nighttime conditions shall be reflectorized or illuminated.  

"Reflectorized signs" shall have a reflectorized background and shall conform to the 
current State of California Department of Transportation specification for reflective 
sheeting on highway signs.  
 

2.02 BARRICADES  
 

A. Barricades shall be constructed of lightweight commercial quality materials, as approved 
by the Engineer.  Stay bracing for "A"-frame designs shall not be rigid. 
 

B. Markings for barricade rails shall be alternate orange and white stripes.  The entire area 
of orange and white stripes shall be Type-I, engineering grade, or Type-II, super 
engineering grade, retroreflective sheeting.  The color of the orange retroreflective 
sheeting shall conform to PR No. 6, Highway Orange, of the Federal Highway 
Administration's Color Tolerance Chart.  Retroreflective sheeting shall be placed on rail 
surfaces in such a manner that no air bubbles or voids are present between the rail surface 
and retroreflective sheeting.  The predominate color for barricade components other than 
rails shall be white, except that unpainted galvanized metal or aluminum may be used. 

 
C. Owner identification shall not be imprinted on the reflectorized face of any rail, but may 

be imprinted elsewhere. 
 

D. Ballasting shall be by means of sand filled bags placed on the lower parts of the frame or 
stays, but shall not be placed on top of the barricade or over any reflectorized barricade 
rail face facing traffic. 

 
E. If barricades are displaced or are not in an upright position, from any cause, the 

barricades shall immediately be replaced or restored to their original location, in an 
upright position, by the Contractor. 
 

2.03 PORTABLE DELINEATORS 
 

A. Portable delineators, including the base, shall be composed of a material that has 
sufficient rigidity to remain upright when unattended and shall be either flexible or 
collapsible upon impact by a vehicle.  The base shall be of such shape as to preclude roll 
after impact.  The base shall be of sufficient mass or shall be anchored in a manner such 
that the delineator shall remain in an upright position.  Ballast, if used for the bases of 
portable delineators, shall be sand or water. 

 
B. If the portable delineators are displaced or are not in an upright position, from any cause, 

the delineators shall immediately be replaced or restored to their original location, in an 
upright position, by the Contractor. 
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C. The vertical portion of the portable delineators shall be of a fluorescent orange or 
predominantly orange color.  The posts shall be not less than 3 inches in width or 
diameter.  The minimum height shall be 36 inches above the traveled way. 

 
D. A minimum of 2 retroreflective bands, each not less than 3 inch wide, shall be mounted a 

minimum of 1 ½ inches apart and at a height on the post so that one retroreflective band 
will be between 2.5 feet  and 3 feet above the roadway surface. 

 
E. Retroreflective bands shall be white and shall be fabricated from flexible reflective 

sheeting as specified in the special provisions.  The retroreflective bands shall be visible 
at 1,000 feet at night under illumination of legal high beam headlights, by persons with 
vision of or corrected to 20/20. 

 
F. Only one type of portable delineator shall be used on the project.  The type of portable 

delineator proposed for use on the project shall be submitted to the Engineer for approval 
prior to placement on the project. 

 
2.04 CONSTRUCTION AREA SIGNS 
  

A. The term "Construction Area Signs shall include all temporary signs required for the 
direction of public traffic through or around the work during construction.  These signs 
are shown in or referred to in the current State of California Manual of Traffic Controls. 

 
B. All construction area signs shall conform to the dimensions, color and legend 

requirements of the plans, the current Manual of Traffic Controls and these 
specifications.  All sign panels shall be the product of a commercial sign manufacturer, 
and shall be as specified in these specifications. 

 
C. Sign panels for all construction area signs shall be visible at 500 feet and legible at 300 

feet, at noon on a cloudless day and at night under illumination of legal low beam 
headlights, by persons with vision of or corrected to 20/20, except that the nighttime 
requirement shall not apply to fabric sign panels for portable signs. 

 
D. The Contractor may be required to cover certain signs during the progress of the work.  

Covers for construction area signs shall be of sufficient size and density to completely 
block out the message so that it is not visible either during the day or at night.  Covers 
shall be fastened securely to prevent movement caused by wind action. 

 
E. The Contractor shall clean all construction area sign panels at the time of installation and 

as often thereafter as the Engineer determines to be necessary, but at least once every 2 
months. 

 
F. Used signs with the specified sheeting material will be considered satisfactory if they 

conform to the requirements for visibility and legibility and the colors conform to the 
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requirements of the current Manual of Traffic Controls.  A significant difference between 
day and nighttime retroreflective color will be grounds for rejecting signs. 

 
G. To properly provide for changing traffic conditions and damage caused by public traffic 

or otherwise, the Contractor shall be prepared to furnish on short notice additional 
construction area sign panels, posts and mounting hardware or portable sign mounts.  The 
Contractor shall maintain an inventory of the commonly required items at the jobsite or 
shall make arrangements with a supplier who is able, on a daily basis, to furnish the items 
on short notice. 
 

2.05 CHANNELIZERS 
  

A. Channelizer posts shall be orange in color. 
 

B. Channelizers shall have affixed white retroreflective sheeting as specified in the special 
provisions.  The retroreflective sheeting shall be 3 inches x 12 inches in size.  The 
retroreflective sheeting shall be visible at 1000 feet at night under illumination of legal 
high beam headlights, by persons with vision of or corrected to 20/20. 

 
C. The channelizer bases shall be cemented to the pavement with hot melt bituminous 

adhesive or rapid set epoxy adhesive. Channelizers shall be applied only on a clean, dry 
surface. 

 
D. Channelizers shall be placed on the alignment and location as directed by the Engineer.  

The channelizers shall be placed uniformly, straight on tangent alignment and on a true 
arc on curved alignment.  All layout work necessary to place the channelizers to the 
proper alignment shall be performed by the Contractor. 

 
E. If the channelizers are displaced or fail to remain in an upright position, from any cause, 

the channelizers shall immediately be replaced or restored to their original location by the 
Contractor. 

 
2.06 TEMPORARY RAILING (TYPE K) 

  Temporary railing (Type K) shall consist of interconnected new or undamaged used 
precast concrete barrier units as shown on the plans or as directed for use by the 
Engineer. Temporary railing (Type K) shall conform to the State of California 
Department of Transportation Specifications.  

 
2.07 TRAFFIC CONES 
  

A. Traffic cones shall be fluorescent and of good commercial quality, flexible material 
suitable for the purpose intended.  The outer section of the portion above the base of the 
cone shall be translucent and be of a highly pigmented fluorescent orange polyvinyl 
compound.  The overall height of the cone shall be at least 28 inches and the bottom 
inside diameter shall be not less than 10.5 inches.  The base shall be of sufficient mass 
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and size or shall be anchored in a manner that the traffic cone will remain in an upright 
position. 

 
B. During the hours of darkness traffic cones shall be affixed with retroreflective cone 

sleeves.  The retroreflective sheeting of sleeves on the traffic cones shall be visible at 
1000 feet at night under illumination of legal high beam headlights, by persons with 
vision of or corrected to 20/20. 

 
C. Retroreflective cone sleeves shall conform to one of the following: 

 
1. Removable flexible retroreflective cone sleeves shall be fabricated from the 

retroreflective sheeting specified in the special provisions, have a minimum height of 
12.5 inches and shall be placed a maximum of 3 inches from the top of the cone. The 
sleeves shall not be in place during daylight hours; 

2. Permanently affixed semitransparent retroreflective cone sleeves shall be fabricated 
from the semitransparent retroreflective sheeting specified in the special provisions, 
have a minimum height of 12.5 inches, and shall be placed a maximum of 3 inches 
from the top of the cone.  Traffic cones with semitransparent retroreflective cone 
sleeves may be used during daylight hours; or 

 
3. Permanently affixed double band retroreflective cone sleeves shall have 2 white 

retroreflective bands.  The top band shall be 6 inches in height, placed a maximum 
of 4 inches from the top of the cone.  The lower band shall be 4 inches in height, 
placed 2 inches below the bottom of the top band.  Traffic cones with double band 
retroreflective cone sleeves may be used during daylight hours. 

 
D. The type of retroreflective cone sleeve used shall be at the option of the Contractor.  Only 

one type of retroreflective cone sleeve shall be used on the project. 
 
2.08 PORTABLE CHANGEABLE MESSAGE SIGNS 
  

A. The message displayed on the sign shall be visible from a distance of 1,500 feet and shall 
be legible from a distance of 875 feet, at noon on a cloudless day, by persons with vision 
of or corrected to 20/20.  The sign panel shall be 3-line matrix and shall display not less 
than 7 characters per line.  Sign messages to be displayed shall be as approved by the 
Engineer. 

 
B. The sign face shall be flat black and shall be protected from glare of the sun by a method 

which does not interfere with the clarity of the sign message.  The sign shall be raised and 
lowered by means of a power driven lifting mechanism. 

 
C. The matrix sign shall be capable of complete alphanumeric selection. 
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D. Lamp matrix type signs shall be equipped with an automatic dimming operational mode 
that automatically compensates for the influence of a temporary light source or other 
abnormal lighting conditions.  The sign shall have manual dimming operation modes of 3 
or more different lamp intensities.  
 

E. Matrix signs not utilizing lamps shall be either internally or externally illuminated at 
night. 
 

F. The controller shall be an all solid-state unit containing all the necessary circuitry for the 
storage of at least 5 preprogrammed messages.  The controller shall be installed in a 
location allowing the operator to perform all functions from one position.  A keyboard 
entry system shall be provided to allow an operator to generate an infinite number of 
additional messages over the preprogrammed stored messages.  The keyboard shall be 
equipped with a security lockout feature to prevent unauthorized use of the controller. 
 

G. The controller shall contain a nonvolatile memory to hold the keyboard created messages 
in memory during periods when the power is not activated.  The controller shall provide 
for a variable message display rate, which allows the operator to match the information 
display to the speed of the approaching traffic.  The flashing off time shall be operator 
adjustable within the control cabinet. 
 

H. Full operation height shall be with the bottom of the sign at least 7 feet above the ground 
and the top no more than 14.5 feet above the ground. 
 

I. After initial placement, portable changeable message signs shall be moved from location 
to location as directed by the Engineer. 
 

J. Portable changeable message signs shall be furnished, placed, operated, and maintained 
at locations shown on the Traffic Control Plan, specified in the special provisions, or 
designated by the Engineer. 

 
2.09 FLASHING ARROW SIGNS 
  

A. Flashing arrow signs shall be finished with commercial quality flat black enamel and 
shall be equipped with yellow or amber lamps that form arrows or arrowheads as 
required.  Each lamp shall be provided with a visor and the lamps shall be controlled by 
an electronic circuit that will provide between 30 and 45 complete operating cycles per 
minute in each of the displays and modes specified.  The control shall include provisions 
for dimming the lamps by reducing the voltage to 50 percent, ±5 percent, for nighttime 
use.  Type I signs shall have both manual and automatic photoelectric dimming controls.  
Dimming in both modes shall be continuously variable over the entire dimming range. 
 

B. Flashing arrow signs shall conform to the following legibility requirements.  The 
minimum legibility distance is the distance at which flashing arrow signs shall be legible 
at noon on a cloudless day and at night by persons with vision of or corrected to 20/20. 
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Type 
 

Min. Size 
Min. Number 

of 
Panel Lights 

Min. 
Legibility 
Distance 

I 48”  x 96” 15 1 Mile 
II 24” x 48” 13 ¾ Miles 

 
C. Flashing arrow signs shall be capable of being operated in 4 different display modes as 

follows.  The display to be used shall be as directed by the Engineer: 
 

1. Pass Left Display 
2. Pass Right Display 
3. Simultaneous Display 
4. Caution Display 

 
D. Flashing arrow signs shall also be capable of operating in one or both of the following 

modes, at the option of the Contractor: 
 

1. Flashing Arrow Mode 
2. Sequential Mode 

 
E. In the flashing arrow mode, all lamps forming the arrowhead and shaft shall flash on and 

off simultaneously. 
 

F. In the sequential mode, either arrowheads or arrows shall flash sequentially in the 
direction indicated. 
 

G. In the simultaneous display mode, the lamps forming both right and left arrowheads and 
the lamps of the arrowshaft (center 3 on Type I signs) shall flash simultaneously.  On 
Type II signs, the lamps forming the right and left arrowhead, except the center lamp, 
may be continuously illuminated while the lamps forming the shaft and the center lamp 
of the arrowheads flash on and off simultaneously. 
 

H. In the caution display mode, a combination of lamps not resembling any other display or 
mode shall flash. 
 

I. Each flashing arrow sign shall be mounted on a truck or on a trailer and shall be capable 
of operating while the vehicle is moving and shall be capable of being placed and 
maintained in operation at locations as specified in the special provisions or as directed 
by the Engineer. 
 

J. Flashing arrow signs shall be mounted to provide a minimum of 7 feet between the 
bottom of the sign and the roadway. 
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K. Trailers on which flashing arrow signs are mounted shall be equipped so that they can be 
leveled and plumbed. 
 

L. Electrical energy to operate the sign shall be obtained from the vehicle on which the sign 
is mounted or from a generating plant mounted on the vehicle.  Regardless of the source, 
the supply of electrical energy shall be capable of operating the sign in the manner 
specified. 

 
PART 3 - EXECUTION  
  
3.01 GENERAL  

 
A. The Contractor shall conduct operations as to offer the least possible obstruction and 

inconvenience to the public and shall have under construction no greater length or 
amount of work than can be prosecuted properly with due regard to the rights of the 
public. 

 
B. In order to expedite the passage of public traffic through or around the work and where 

ordered by the Engineer, the Contractor shall install signs, lights, flares, temporary railing 
(Type K), barricades and other facilities for the sole convenience and direction of public 
traffic.  The Contractor shall furnish competent flaggers whose sole duties shall consist of 
directing the movement of public traffic through or around the work. 
 

C. Convenient access to driveways and buildings in the vicinity of work shall be maintained 
as much as possible.  Temporary approaches to, and crossing of, intersecting traffic lanes 
shall be provided and kept in good condition. 
 

D. When leaving a work area and entering a roadway carrying public traffic, the Contractor's 
equipment, whether empty or loaded, shall in all cases yield to public traffic. 
 

E. The Contractor shall identify an individual who will be available 24 hours per day with 
the responsibility and authority to respond to emergencies related to traffic control.  
Contractor shall report the name and telephone number of the individual to the Engineer 
prior to the start of work. 
 

F. The Contractor shall place temporary advance warning signs to alert motorists to 
construction work ahead whenever trucks or construction equipment are entering or 
leaving the construction site or when equipment is in the road right-of-way. 
 

G. The Contractor shall post and maintain advance notification by placing signs, mailers, 
and door hangers in advance of construction, at least 7 calendar days prior to the 
scheduled start of work.  The notice shall include the name and telephone of Owner 
(obtain this information from Engineer) and Contractor, a description of the delay and the 
dates(s) of construction that will obstruct a property owner’s access. 
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H. The Contractor shall reasonably accommodate a property owner’s requests to cross the 
work zone to enter or leave their property.  The Contractor shall notify the Engineer and 
property owner at least 5 days in advance if there is a possibility the work may block an 
owner’s pedestrian access for more than 30 minutes. 

 
I. “No Parking” signs shall be posted at least seventy-two (72) hours in advance of any 

parking restriction, as necessary in accordance with City of Citrus Heights and County of 
Sacramento regulations.  

 
3.02 PUBLIC SAFETY 
 

A. It is the Contractor's responsibility to provide for the safety of traffic and the public 
during construction. 
 

B. Whenever the Contractor's operations create a condition hazardous to traffic or to the 
public, the Contractor shall furnish, erect and maintain those fences, temporary railing 
(Type K), barricades, lights, signs and other devices and take such other protective 
measures that are necessary to prevent accidents and provide a safe passage to the public. 
 

C. The Contractor shall furnish such flaggers as are necessary to give adequate warning to 
traffic or to the public of any dangerous conditions to be encountered. 
 

D. Signs or other protective devices furnished and erected by the Contractor shall not 
obscure the visibility of, nor conflict in intent, meaning and function of existing signs, 
lights and traffic control devices or any construction area signs and traffic control 
devices. Signs furnished and erected by the Contractor, shall be approved by the Engineer 
as to size, wording and location. 
 

E. All movements of workmen and construction equipment on or across lanes open to public 
traffic shall be performed in a manner that will not endanger public traffic. 
 

F. No material or equipment shall be stored where it will interfere with the free and safe 
passage of public traffic, and at the end of each day's work and at other times when 
construction operations are suspended for any reason, the Contractor shall remove all 
equipment and other obstructions from that portion of the roadway open for use by public 
traffic and from the public right of way. Contractor is required to park or store its 
equipment at a safe distance from the edge of traveled way during its daily construction 
operations. If Contractor can not accommodate its equipment within a safe distance from 
the edge of traveled way he should immediately remove them and place them in a safe 
area away from the traffic.   
 

G. Should the Contractor appear to be neglectful or negligent in furnishing warning devices 
and taking protective measures as above provided, the Engineer may direct attention to 
the existence of a hazard and the necessary warning devices shall be furnished and 
installed and protective measures taken by the Contractor. Should the Engineer point out 
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the inadequacy of warning devices and protective measures, that action on the part of the 
Engineer shall not relieve the Contractor from responsibility for public safety or abrogate 
the obligation to furnish and pay for these devices and measures. 

 
3.03 FLAGGING 
 

A. The Contractor shall provide flaggers to control traffic where necessary. 
 

1. Flaggers shall perform their duties and shall be provided with the necessary 
equipment in accordance with the current "Instructions to Flaggers" of the State of 
California Department of Transportation. 

 
2. Flaggers shall be employed full time on traffic control and shall have no other duties. 

 
3.04 WORK HOURS 

 Work hours are listed in Section 01100, Project Summary. 
 
3.05 TRAFFIC SIGNALS 

At signalized intersections, caution should be taken to avoid damaging detector loops, 
conduit and conductors.  If loops, conduits and conductors are damaged, a qualified 
electrical contractor specializing in traffic signal work shall do the permanent repair work 
to conduits and conductors.  The work shall be finished within 14 calendar days from the 
time the damage occurs.  

3.06 REPLACEMENT OF EXISTING SIGNING AND STRIPING 
The Contractor shall replace in-kind all existing roadway signing and pavement striping 
damaged by construction operations. 

 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for work in this Section.  Payment for work in this Section 
shall be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 01575 – TEMPORARY EROSION CONTROL 
 
 
 
1.01   GENERAL 
 

A. Temporary erosion control shall consist of, but not be limited to, constructing such 
facilities and taking such measures as are necessary to prevent, control, and abate water, 
mud, construction materials, hazardous materials and erosion damage to public and 
private property as a result of the Contractor’s operations. 

 
B. Conformance with the requirements of this section shall in no way relieve the 

Contractor from the Contractor’s responsibilities, as provided in Section 7-1.01G, 
“Water Pollution,” Section 7-1.11, “Preservation of Property,” of the Caltrans Standard 
Specifications. 
 

C. Contractor shall employ applicable best management practices to perform all work 
under the project contract in a safe and efficient manner and which protects the 
environment.  The best management practices shall not be limited to the requirements 
set forth in this Section. 
 

D. Construction vehicles and equipment entering existing paved areas shall be free of mud, 
silt and other debris during all phases of work.  No mud, silt and other debris shall be 
tracked on paved surfaces.  If such materials are tracked on the streets or other paved 
areas both public and private, the Contractor shall immediately remove these materials 
prior to these materials entering into the storm drain system. 
 

E. The Contractor shall install wire-backed, silt fencing and straw bale barriers along 
channel boundary as directed by the Engineer.  The Contractor shall maintain and repair 
the silt fences and straw bales including cleanup and disposal of sediments, when 
directed by the Engineer.  Repairs as required and sediment cleanup and disposal will 
be at no additional cost to the Owner.  The silt fences and straw bales shall be removed 
and properly disposed of by the Contractor upon completion of construction.  All 
existing drainage ditches and culverts shall be reopened and graded and natural 
drainage restored.  Restore culverts broken or damaged to their original condition and 
location. 

 
F. Stockpiling of materials on the street will not be allowed unless otherwise approved by 

the Engineer.  The Contractor shall cover with plastic any construction or excavated 
materials between November 15th and March 15th which may possibly erode and enter 
the storm drain system of paved streets or other paved areas both public and private. 

 
G. The Contractor shall sweep the work area and clean up the work site daily before 

leaving the site.  Hosing down the street is not allowed. 
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H. By November 15th of each year the temporary erosion control features as are necessary 

to prevent damage during forthcoming rainy season shall be constructed and 
functioning.  If the earthwork in any area has not progressed to a point where any part 
of the facilities on the temporary erosion control plans for that area can be constructed, 
the Contractor shall construct such supplementary temporary erosion control facilities 
as are necessary to protect adjacent private and public property. 

 
Temporary erosion control measures shall include, but not be limited to, the following: 

 
1. The Contractor shall conduct operations in such a manner that storm runoff will be 

contained within the site or channeled into the storm drain system which serves the 
runoff area.  Storm runoff from one area shall not be allowed to divert to another 
runoff area. 

 
2. Storm drain systems, toe of slope drains, and outlet structures shall be constructed 

and operating prior to commencing, or concurrently with placing an embankment.  
Temporary downdrains, drainage structures, and other devices shall be provided to 
channel storm runoff water into the respective permanent storm drain systems 
during construction.  Mud and silt shall be settled out of the storm runoff before the 
runoff enters the storm drain system. 

 
3. Embankment areas, while being brought up to grade and during periods of 

completion prior to final roadbed construction, shall be protected by various 
measures to eliminate erosion and the siltation of downstream facilities and adjacent 
areas.  These measures may include, but shall not be limited to: temporary 
downdrains, either in the form of pipes or paved ditches with protected outfall 
areas; graded berms around areas to eliminate erosion of embankment slopes by 
surface runoff; confined ponding areas to de-silt runoff; and temporary check dams 
in toe of slope ditches to de-silt runoff. 

 
4. Excavation areas, while being brought to grade, shall be protected from erosion and 

the resulting siltation of downstream facilities and adjacent areas by use of various 
temporary erosion control measures.  These measures may include, but shall not be 
limited to: check dams; confined ponding areas to de-silt the runoff; and protection, 
such as sandbags around inlets which have not been brought up to grade. 

 
5. Contour graded areas shall be protected against erosion and the resulting siltation of 

downstream facilities and adjacent areas during grading operations.  Various 
measures may include, but shall not be limited to: the use of graded contour berms 
to control sheet flow; supplemental grading of large areas around temporary or 
unfinished inlet structures to provide de-silting basins; and temporary ditch paving. 

 
6. From November 15th to March 15th: 
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A. During embankment construction, an earth berm or appropriate grading to direct 

drainage away from the edge of the top of the embankment shall be constructed 
and maintained on those embankments where earthwork operations are not in 
progress. 

 
B. Special attention will be required to protect areas, which have been cleared, and 

grubbed prior to excavation or embankment operations, and which are subject to 
runoff during the period from November 15th to March 15th.  Temporary 
measures may include, but shall not be limited to: temporary de-silting basins; 
contour graded ditches; temporary paved and unpaved ditches; and filter fabric 
fences to contain silt and sediment from runoff. 

 
C. After each storm, de-silting basins shall be checked against their design capacity 

and if necessary, silt and sediment shall be removed to restore capacity. 
 
1.02   INSPECTION AND MAINTENANCE 
 

A. To ensure the proper implementation and functioning of temporary erosion control 
measures, the Contractor shall regularly inspect and maintain the construction site for 
the control measures identified above.  The Contractor shall identify corrective actions 
and time frames to address any damaged measures or reinitiate any measures that have 
been discontinued. 

 
B. During the rainy season defined as between November 15th to March 15th, inspections 

of the construction site shall be conducted by the Contractor to identify deficient 
measures, as follows: 

 
1. Prior to a predicted storm; 
 
2. After all precipitation which causes runoff capable of carrying sediment from the 

construction site; 
 
3. At 24 hours intervals during extended precipitation events; and 
 
4. Routinely, on a minimum twice monthly basis. 
 

If the Contractor identifies a deficiency in the deployment or functioning of an 
identified control measure, the deficiency shall be corrected in a timely manner.  If 
the Engineer identifies a deficiency in the deployment or functioning of an 
identified control measure, the Contractor will be notified in writing and the 
deficiencies shall be corrected by the Contractor in a timely manner. 

 
PART 2 – MATERIALS (Not Used) 
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PART 3 – EXECUTION (Not Used) 
 
PART 4 – MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Temporary Erosion Control.  Payment for work in this 
Section shall be included as part of the applicable Lump Sum or Unit Prices stated in other 
Sections. 

 
 

-END OF SECTION- 
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 SECTION  01740 - PRESERVATION AND CLEANUP 
 

Bid Item No. 3 
     
  
PART 1 - GENERAL 
      
1.01  SCOPE 
This Section covers the preservation and the cleanup of the project site, complete. 
 
PART 2 - MATERIALS (Not used) 
 
PART 3 - EXECUTION 
 
3.01  PRESERVATION AND CLEANUP 
The Contractor shall protect all existing utilities, fences, and any other facilities.  Any damaged 
or destroyed facilities shall be replaced to a condition equal to or better than the condition prior 
to the damage.  All repairs to damaged facilities shall receive the approval of the Engineer or 
authorized representative of the utility owner.  
                        
Stockpile excavated materials in a manner that will cause the least damage to adjacent property, 
trees, shrubbery, or fences, regardless of whether these are on private property, or on City, 
County, or State rights-of-way.  At all times during the work, keep the premises clean and 
orderly, and upon completion of the work, repair all damage caused by equipment and leave the 
project free of rubbish or excess materials of any kind and in a condition equivalent to the 
original condition. 
 
Contractor shall keep all paved roads clean and free of dust, mud, and debris resulting from the 
Contractor’s operations.  If mud or debris is tracked to any paved street the Contractor shall 
promptly utilize what ever means are necessary to return the pavement to a clean condition. 
 
3.02  EXISTING TREES AND SHRUBS  
The Contractor shall take all necessary precautions to not damage or remove any of the existing 
tress or shrubs on adjacent properties.  The Contractor shall immediately notify the Engineer if 
any tree or shrub is damaged by the Contractor’s operation.   
 
Damaged trees or shrubs shall be replaced if in the opinion of the Engineer such replacement is 
necessary.  The trees or shrubs shall be of like size and variety.  The minimum size of any 
replacement tree shall not be less than 1-inch in diameter nor less than 6 feet high. 
 
3.03  EROSION AND SEDIMENT CONTROL 
The Contractor shall exercise care and diligence to limit damage caused by erosion and sediment 
loosened by the Contractor’s operation and shall take all precautions necessary to sustain 
adjacent properties as shown on the Drawings.  
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The Contractor shall maintain and repair all erosion protection devices as needed and when 
directed by the Engineer.  Repairs, sediment cleanup, and disposal will be at no additional cost to 
the Owner.  The erosion protection devices shall be removed and properly disposed of by the 
Contractor upon completion of construction.  See Section 01575 – TEMPORARY EROSION 
CONTROL for additional requirements. 
 
3.04  PAVEMENT RESTORATION 
All paved areas that are damaged during construction shall be replaced with similar materials of 
equal thickness to match existing undamaged adjacent areas, including the base and subbase.  
Pavements that are to be partially removed shall be neatly saw cut in straight lines to provide a 
clean, sound, vertical joint.  
 
3.05  SITE RESTORATION 
Upon completion of the project, all areas used by the Contractor shall be properly cleared of all 
temporary structures, rubbish, and waste materials and properly graded to drain and blend with 
the abutting properties.  Final payment shall be withheld pending clean-up and restoration. 
          
PART 4 - MEASUREMENT AND PAYMENT 
 
All work as specified herein, satisfactorily completed, shall be paid for on a Lump Sum basis 
stated in the Bid Item Schedule for the item listed below and shall be no more than one percent 
(1%) of the Bid Total. 
 

Bid Item No. 3 – PRESERVATION AND CLEANUP 
 
 
 

-END OF SECTION- 
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 SECTION 01750 – PROJECT CLOSEOUT 
 

Bid Item No. 4 
  
  
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to closeout the project, complete. 
 
1.02  FINAL CLEANUP 
The Contractor shall cleanup the project site as indicated in Section 01740 – PRESERVATION 
AND CLEANUP, and this specification.  The Contractor shall remove all rubbish, unused 
materials, concrete forms, construction equipment, temporary structures and facilities used 
during construction.  The site shall be cleaned, graded and returned to a condition equivalent to 
the original condition.   
 
1.03  FINAL SUBMITTALS 
The Contractor shall submit the following items to the Engineer upon substantial completion of 
the project, for review:  Final payment will be withheld until all items are submitted and 
approved by the Engineer. 
 

A. Manufacturers’ and suppliers’ written, instructions, warranties and guarantees. 
 

B. Technical and Operation and Maintenance manuals. 
 
C. As-built drawings. 

 
D. New permanent cylinders and key blanks for all locks. 

 
E. Parts list, spare parts, and any special tools. 
 
F. Bonds for maintenance, as required. 
 

1.04  GUARANTEE AND WARRANTIES 
The Contractor shall comply with the guarantee and warranty requirements contained herein and 
in other sections of these Specifications and in the applicable sections of the General Conditions. 
 
The Contractor shall guarantee the entire project, including but not limited to the chemical feed 
equipment, miscellaneous piping, valves, and process control instrumentation, pump station, 
transmission piping, paving, fencing, and all appurtenances for a period of one (1) year from the 
final written acceptance of the work by the District.  If any materials or workmanship prove to be 
defective within one (1) year of said final acceptance, they shall be replaced or repaired by the 
Contractor at no cost to the Owner. 
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PART 2 – MATERIALS  (Not Used) 
 
PART 3 – EXECUTION (Not Used) 
 
PART 4 - MEASUREMENT AND PAYMENT   
 
All work as specified herein, satisfactorily completed, shall be paid for on a Lump Sum basis 
stated in the Bid Item Schedule for the item listed below and shall not be more than one percent 
(1%) of the Bid Total. 
 

Bid Item No. 4 – PROJECT CLOSEOUT 
 
 
 

-END OF SECTION- 

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075 01750-2 Project Closeout 
 



 

 SECTION 02200 – CLEARING AND GRUBBING  
 

Bid Item No. 5 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to clear and grub the project site, complete. 
 
1.02  SITE CONDITIONS 
The Contractor shall conduct site visits as needed to determine the extent of the work. Work will 
also include the removal of trees, as shown on the drawings.   
 
PART 2 - MATERIALS (Not used) 
 
PART 3 - EXECUTION 
 
3.01  CLEARING AND GRUBBING 
Where clearing or partial clearing of the site is necessary, complete prior to the start of 
construction of facilities or structures.  Cut trees and brush as near to the surface of the ground as 
practicable, remove all stumps, and pile for disposal.  Do not permit excavated materials to cover 
brush or trees prior to disposal. 
 
Do not remove existing trees or tree limbs over two (2) inches in diameter whether on public or 
private property unless they are within four (4) feet of the pipe centerline, or pump station 
building without permission from the Engineer. 
 
Protect from damage, unless otherwise marked by the Engineer, all trees, shrubs, or plants within 
the limits of the easement on private or public property.  Ornamental and exotic trees and shrubs 
that interfere with trenching shall be replaced in kind and size or may be removed intact with 
their root system.  Ball the root system of the trees, shrubs, or plants, bind in burlap, heel into 
topsoil, and keep watered as required.  Upon completion of the pipe laying and backfilling of the 
trench, replant the trees, shrubs, or plants in their original position.  The Contractor shall record 
the location of any plant prior to its removal.  Should any tree, shrub, or plant that has been 
disturbed as a result of its removal, or otherwise damaged by the Contractor, die within one (1) 
year after the final acceptance of the project, it shall be replaced in kind and size by the 
Contractor at the Contractor’s expense. 
 
The Contractor shall remove all unknown underground structures or debris that may be 
encountered within the limits of construction. 
 
3.02  DISPOSAL 
The Contractor shall bear all costs of disposing of trees, stumps, brush, roots, limbs, and other 
waste materials from the clearing and grubbing operation.  Debris shall be disposed of in such a 
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manner as to meet all requirements of State, County, and local regulations regarding health, 
safety, and public welfare, and shall be properly disposed of off site.  Burning of debris is not 
permissible and shall not be allowed.  
 
PART 4 -  MEASUREMENT AND PAYMENT 
 
Clearing and Grubbing shall be paid for on a Lump Sum basis as stated in the Bid Item 
Schedule for the item listed below and shall be no more than one percent (1%) of the Bid Total. 
 

Bid Item No. 5 – CLEARING & GRUBBING  
 
 

 
-END OF SECTION- 

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075                 02200-2 Clearing and Grubbing 



 

SECTION 02300 - EARTHWORK 
 

Bid Item No. 6 
 

PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers earthwork, including preparation of subgrades, construction of fills and 
embankments, placement of riprap, subgrade preparation for roadways, surfacing and grading, 
disposal of excess materials, all necessary sheeting, shoring, and bracing work, and other 
appurtenant work, complete.  See Section 02320-TRENCH EXCAVATION AND BACKFILL for 
additional requirements.  Contractor shall provide to the Engineer, prior to any excavation, evidence 
of Underground Service Alert (USA) notification and completion of inspection for the entire project. 
 
1.02  DEFINITIONS 
 

A. Relative Compaction (ASTM Method) 
The ratio, expressed as a percentage, of the dry density of the backfill material as 
compacted in the field, to the maximum dry density of the same material determined in 
the laboratory by ASTM D1557. 
 

B. Optimum Moisture Content (ASTM Method) 
The ratio, expressed as a percentage, of the weight of water in the solid material to the 
weight of the solids which occurs at the maximum dry density as determined by ASTM 
D1557. 

 
C. Optimum Moisture Content (CalTrans Method) 

The ratio, expressed as a percentage, of the weight of the water in the soil material to the 
weight of the solids, which occurs at the maximum wet density as determined by 
CalTrans Test Method 219. 

 
D. Well-Graded 

Well-graded as used in this section defines a mixture of particle sizes that have no 
specific concentration or lack thereof of one or more sizes.  Well-graded does not define 
any numerical value that must be placed on the coefficient of uniformity or any other 
specific grain size distribution parameters.  Well-graded is used to help define a material 
type that, when compacted, produces a strong and relatively incompressible soil mass 
free from detrimental voids. 

 
1.03  SUBMITTALS 
Samples of imported fill materials to be used shall be submitted two (2) weeks in advance of use.  
Samples shall consist of 0.5 cubic feet of each type of material. 
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Filter fabric data submitted shall include: 
 

1. A 12-inch square of fabric 
 

2. Manufacturer’s descriptive product data 
 

3. Installation instructions 
 
PART 2 - MATERIALS 
 
2.01  NATIVE SOILS 
Native soil, where permitted, shall be unclassified material which is free from peat, wood, roots, 
bark, debris, garbage, rubbish or other extraneous material.  The native soil shall contain no material 
greater than 4 inches in size, including clods.  Moisture conditioning of native materials (i.e., drying 
of wet soils and wetting of dry soils) may be required to achieve specified compaction and shall be 
done at no additional expense to the Owner. 
 
2.02  IMPORTED FILL SOILS 
Imported fill soils shall have the following properties: 
 

1. All fill particles shall be less than 3 inches in size. 
 
2. Less than 30 percent of the material shall be retained on the 3/4-inch sieve. 
 
3. No less than 15 percent and no more than 30 percent of the material shall pass the No. 

200 sieve. 
 
4. The fill material shall have a plasticity index (PI) no greater than 15. 
 
5. The fill material shall contain less than 2 percent by weight of organics and shall be free 

of other objectionable material (concrete, plastic, metal and other wastes). 
 
2.03  IMPORTED TOPSOIL 
Imported topsoil for topsoil replacement shall be suitable sandy loam from an approved source, 
which possesses friability and a high degree of fertility.  It shall be free of clods, roots, gravel, and 
other foreign material.  It shall be free of noxious vegetation and seed.  Imported topsoil required 
shall be obtained and transported at the Contractor’s expense.  
 
2.04  STRUCTURAL BACKFILL 
Structural backfill shall conform to Section 19-3.06 of the CalTrans Standard Specifications. 
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2.05  STABILIZATION MATERIAL 
Stabilization material shall be 3-inch minus crushed rock, well graded from course to fine, 
containing less than 25 percent by weight particles passing the No. 200 sieve, and free from clay 
lumps, consolidated masses and organic material. 
 
2.06  AGGREGATE BASE 
Aggregate base shall be Class 2 and shall conform to the 3/4-inch maximum grading provisions in 
Section 26 of the CalTrans Standard Specifications. 
 
2.07  CRUSHED ROCK 
Crushed rock shall consist of durable rock and gravel that is free of deleterious material and free of 
slaking or decomposition under the action of wetting and drying.  The durability index shall be 40 or 
greater.  Crushed rock shall conform to the following graduation: 
 

 
 

Sieve Size 

 
Percent Passing 

by Weight 
 

1 inch 
 

100 
 

3/4 inch 
 

90-100 
 

No. 4 
 

0-10 
 

No. 200 
 

0-2 

 
2.08  PEA GRAVEL 
Pea gravel shall not be used. 
 
2.09  RIPRAP  
Riprap shall conform to CalTrans Standard Specifications Section 72 and shall be clean, hard, 
durable tailings, quarry, or crushed rock.  Rock taken from the excavation may be used for riprap if 
it conforms to these requirements.  Bulk density shall not be less than 160 pounds per dry cubic foot. 
 The least dimension of any one piece shall not be less than 1/3 the greatest dimension.  A minimum 
of 50 percent of the volume shall be in pieces ranging in size of 1 cubic foot to 2 cubic feet.  Smaller 
pieces will be allowed only to fill in the voids in the larger stone. 
 
2.10  BEDDING SAND  
Bedding sand shall be #2 washed sand that is clean, non-plastic and free from deleterious or foreign 
matter.  The sand shall be of such size that 90 percent to 100 percent will pass a No. 4 sieve and no 
more than 5 percent will pass a No. 200 sieve. 
 
2.11  FILTER FABRIC 
Filter fabric shall be a non-woven material consisting of polyester, nylon, polypropylene filaments 
formed into a stable network.  The fabric shall be permeable, not act as a wicking agent, be inert to 
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commonly encountered chemicals, be rot-proof, and resistant to ultraviolet light.  The filter fabric 
shall be Mirafi 160 EX, or equal. 
 
2.12  ANCHOR PINS 
Anchor pins shall be of steel, a minimum of 3/16 inch in diameter, and at least 15 inches in length, 
or equivalent pins recommended by the manufacturer of the filter fabric.   
 
PART 3 - EXECUTION 
 
3.01  GENERAL 
 

1. Stabilization 
Where the undisturbed condition of natural soils is inadequate for support of the planned 
construction, the Engineer will direct the Contractor to over-excavate to adequate 
supporting soils.  The excavated space shall be filled to the specified elevation with 
stabilization material wrapped with filter fabric.  Place stabilization material in 
maximum 8-inch loose layers and compact to a minimum of 95 percent relative 
compaction.  

 
2. Surplus Material 

Unless otherwise specified, surplus excavated material shall be disposed of off site in 
accordance with applicable ordinances, environmental requirements, and in accordance 
with CalTrans Standard Specification Section 7-1.13. 

 
3. Hauling 

When hauling is done over highways or city/county streets, the loads shall be trimmed 
and the vehicle shelf areas shall be cleaned after each loading.  The loads shall be 
watered after trimming to eliminate dust, tarped, and transported pursuant to local 
requirements. 

 
4. Erosion Control 

The Contractor shall maintain earthwork surfaces true and smooth and protected from 
erosion.  Where erosion occurs, the Contractor shall provide fill or shall excavate as 
necessary to return earthwork surfaces to the grade and finish specified. 
 

5. Control of Water 
When water is encountered, the Contractor shall furnish, install, maintain and operate all 
necessary machinery, appliances and equipment to keep the excavation reasonably free 
from water until the placing of the bedding material, laying and jointing of pipe and 
fittings, pouring of concrete, and placing of the initial backfill has been completed, 
inspected and approved, and all danger of flotation and other damage is removed.  
Ground water pumped from the trench shall be disposed of in such a manner as to not 
cause injury to public or private property or constitute a nuisance or menace to the public 
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or waterways, and the disposal method shall be subject to the approval of the Engineer. 
 

Surface water shall be diverted or otherwise prevented from entering excavations to the 
greatest extent possible without causing damage to adjacent property.   
 
The Contractor shall be responsible for the condition of any pipe or conduit which he 
may use for drainage purposes, and all such pipe or conduit shall be left clean and free of 
sediment. 

 
6. Finish Grading 

Finished surfaces shall be smooth, compacted and free from irregularities.  The degree of 
finish shall be that normally obtainable with a blade-grader.   

 
Finished grade shall be as specified in the Drawings plus or minus 0.10 foot except 
where a local change in elevation is required to match sidewalks, curbs, manholes and 
catch basins, or to ensure proper drainage.  Allowance for topsoil and grass cover, and 
subbase and pavement thickness shall be made so that the specified thickness of topsoil 
or pavement can be applied to attain the finished grade. 

 
When the work is an intermediate stage of completion, the lines and grades shall be as 
specified plus or minus 0.5 foot to provide adequate drainage. 

 
If the soil is to be cultivated or straw is to be incorporated into the surface, rocks larger 
than 2-1/2 inches in maximum dimension, roots and other debris on the surface of the 
slope shall be removed and disposed of prior to cultivation or placement of straw. 

 
7.  Classification of Excavated Materials 

No classification of excavated materials will be made.  Excavation and trenching work 
shall include the removal and subsequent handling of all materials excavated or 
otherwise removed in performance of the work, regardless of the type, character, 
composition, or condition thereof. 
 

3.02  AREA FILL AND EMBANKMENTS 
Area fill is defined as backfill for all areas not covered under trench backfill, structural backfill, or 
roadway backfill.  Strip and dispose of all organic sod, topsoil, grass, grass roots, debris, and other 
objectionable material from areas to receive fill material.  The exact depth of stripping will be 
determined by the Engineer.  Following stripping, proof roll the areas to receive fill to a firm and 
unyielding condition as accepted by the Engineer.  Once site preparation is complete, place fill to the 
lines and grades shown on the Drawings. 
 
Fill shall be moisture-conditioned to within 0 and +3 percent of optimum moisture content.  The fill 
shall be placed in horizontal lifts that do not exceed 8 inches in thickness prior to compaction.  The 
fill shall be compacted with suitable equipment to not less than 90 percent relative compaction when 
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used for cultivated areas, to backfill walls of buried structures, and for other areas as designated in 
the Drawings.  Fill shall be compacted to not less than 95 percent relative compaction when used for 
roadways, drives, parking areas, and beneath structural backfill. 
 
3.03  ROADWAY SUBGRADE 
Subgrades for roadways shall conform to CalTrans Standard Specifications, Section 19-2 and these 
specifications.  Subgrades shall be constructed to the lines and grades as shown on the Drawings. 
The surface of the subgrade at any point shall not vary more than 0.05 foot above or 0.10 foot below 
the planned grade at any point. 
 

1. Roadway Backfill 
Prior to backfilling, the subgrade surface shall be bladed or trimmed to the proper grade 
and rolled to a reasonably smooth surface.  Material to be used for backfill shall be as 
specified on the Drawings.  After satisfactory grading and compaction of all backfills in 
areas to be paved, subgrade soils shall be moisture conditioned to achieve optimum 
moisture content.  The upper 6 inches of subgrade soils shall then be uniformly 
compacted to a minimum of 95 percent relative compaction.  After compaction, and 
shaping to line, grade, and cross section, the subgrade shall be sprinkled regularly to 
moisten the surface and to prevent it from drying out and/or cracking prior to the 
placement of aggregate base.   

 
2. Roadway Excavation 

Excavation for roadways, drives, and parking areas shall include the excavation of all 
unsuitable material from the subgrade.  After shaping to line, grade, and cross section, 
the subgrade shall be compacted to a depth of at least 6 inches to 95 percent relative 
compaction.  This operation shall include any reshaping and wetting or drying required 
to obtain proper compaction.  All soft or otherwise unsuitable material shall be removed 
and replaced with suitable material. 

 
3.04  STRUCTURAL BACKFILL 
Structural fill shall be constructed to the lines and grades as shown in the Drawings, and shall 
conform to CalTrans Standard Specifications Section 19-3.06. 

 
1. Limits  

Structural backfill is defined as backfill within 5 feet of the face of structures.  Excavated 
areas outside of the 5-foot limit shall be backfilled as area fill.  Trench backfill within 15 
feet of structures located in roadways and cultivated areas shall also be defined as 
structural backfill. 

 
2. Preparations for Placing Backfill  

Backfill around concrete structures only after the concrete has attained the specified 
compressive strength indicated in Section 03300 - CONCRETE.  Remove all form 
materials and trash from the excavation before placing any backfill.  Obtain the 
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Engineer’s approval of concrete work and attained strength prior to backfilling.   
 

Do not operate earth-moving or compaction equipment weighing over 1,200 pounds 
within 5 feet of walls of concrete structures for the purpose of depositing or compacting 
backfill material, except as approved.  Compact backfill adjacent to concrete walls with 
hand-operated tampers or other approved equipment that will not damage the structure. 

 
3. Backfill Around Structures 

Place structural backfill around structures.  Do not exceed loose lifts of 8 inches.  
Compact each lift to at least 95 percent relative compaction.  Stop structural backfill 6 
inches below finished grade in all areas where topsoil is to be placed.  Place material in a 
manner which avoids segregation.   

 
Any subsequent damage to slabs, piping, concrete structures, facilities, or structures 
caused by settlement of structural backfill shall be corrected and repaired by the 
Contractor at no cost to the Owner. 

 
3.05  REMOVAL AND REPLACEMENT OF TOPSOIL 
Where excavation crosses lawns, garden areas, pasture lands, cultivated fields, orchards, or other 
areas on which reasonable topsoil conditions exist, remove the topsoil for a minimum depth of 15 
inches for the full width of the excavation.  Stockpile this topsoil to one side of the right-of-way and 
do not mix with the remaining excavated material.  Replace the topsoil in the top 12 inches in the 
backfilled excavation. 
 
In lieu of stockpiling and replacing the topsoil, imported topsoil may be substituted in the top 12 
inches at no additional cost to the Owner. 
 
Maintain the finished grade of the topsoil level with the area adjacent to the excavation or mounded 
until final acceptance by the Engineer.  Repair damage to adjacent topsoil caused by work 
operations.  Remove all rock, gravel, clay, and any other foreign materials from the surface, re-
grade, and add topsoil as required. 
 
3.06  FILTER FABRIC 
 

1.  Preparation of Subgrade 
The surface to be lined with filter fabric shall be graded to obtain smooth side and 
bottom surfaces so that the cloth will not bridge cavities in the soil or be damaged by 
projecting rock.  Filter fabric should be placed between native soil and fill material. 

 
2. Installation of Filter Fabric 

The filter fabric shall be laid flat, but not stretched on the soil, and shall be secured with 
anchor pins spaced not more than 10 feet on centers.  Overlaps shall be a minimum of 18 
inches wide.  The filter fabric shall be held in place with anchor pins at the overlaps and 
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corners to maintain the position of the fabric during placement of fill material. 
 

3.  Protection From Exposure To Sun 
Prior to and during installation, the filter fabric may be exposed to sunlight not more than 
20 days. 

 
4. Inspection 

All filter fabric installations shall be inspected and approved by the Engineer before 
backfilling.  If any defective or damaged areas are found, the fabric shall be removed and 
replaced with new fabric or the damaged area may be repaired at the Contractor’s option 
by covering damaged area with new fabric. 

 
3.07  CRUSHED ROCK 
Place crushed rock at air and vacuum release valves, drain valves, and other locations as shown on 
the Drawings.  Crushed rock material shall be compacted to 90 percent relative compaction. 

 
3.08  RIPRAP 
Place riprap carefully to avoid disturbing the previously placed filter fabric.  Average depth of riprap 
shall be not less than shown on the Drawings.  Intermix the sizes of riprap materials to provide 
uniform gradation between small and large material. 
 
3.09  COMPACTION TESTING 
The Contractor shall make all necessary excavations for compaction tests.  Costs of excavation, 
backfilling, and compacting in connection with compaction testing shall be borne by the Contractor. 
Initial testing will be paid for by the Owner.  Re-testing due to failure will be paid for by the Owner 
and deducted from sums due the Contractor. 
 
Field tests of compacted density will be in accordance with CalTrans 216 (sand cone) or 231 
(nuclear gage) at the Engineer’s option. 
 
3.10  SHORING, SHEETING AND BRACING 
Except where banks are cut back on a stable slope if approved and as directed by the Engineer, 
excavations for structures and trenches shall be supported as necessary to prevent caving or sliding. 
 
Sheet and brace the excavation when necessary for safety to prevent caving during excavation in 
unstable material, or to protect adjacent structures, property, workers, and the public.  Increase 
trench widths accordingly by the thickness of the sheeting, shoring, or trench box.  Maintain shoring 
in place until the pipe has been placed and backfilled at the pipe zone.  The trench box shall be 
raised as the backfilling is done in a manner that will not damage the pipe or permit voids in the 
backfill.  Shoring or sheeting shall be removed after placing the pipe zone.  All sheeting, shoring, 
and bracing of trenches and other excavations shall conform to the safety requirements of the 
Federal, State, or local public agency having jurisdiction.  The most stringent of these requirements 
shall apply. 
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3.11  DRAINAGE 
Roadside drainage ditches and all other area ditches shall be graded to drain and prevent ponding.  
Cross-sections and location of ditches shall be as shown in the Drawings.
The contractor shall grade area slopes to provide drainage away from roads and facility locations 
(well heads, pumping stations, above ground tanks, etc.). 
 
3.12  DRAINAGE DITCH RESTORATION 
The Contractor shall repair drainage ditches damaged either directly or indirectly by the Contractor’s 
operations. Drainage ditches shall be compacted to 95 percent relative compaction.  The Contractor 
shall correct any ditch leakage occurring as a result of his operations at no cost to the Owner. 
 
3.13  DRAINAGE CULVERTS 
Replace in kind drainage culverts, which are removed or damaged.  If the pipe is damaged during 
removal, dispose of it and furnish and install new pipe. 
 
Replace culverts to the existing lines and grades.  Do not replace culverts until the work in the 
immediate area of the culvert has been completed. 
 
At the inlet and outlet of all culverts (new and repaired) the ditch shall be sloped and graded to drain 
without ponding. 

 
PART 4 - MEASUREMENT AND PAYMENT 
 
Payment for Earthwork including area fill, earth fill, embankments, roadway subgrades, structural 
backfill, filter fabric, removal and replacement of topsoil, drainage ditches and culverts, crushed 
rock, shoring and sheeting and riprap shall be paid for on a Lump Sum basis as stated in the Bid 
Item Schedule for the item listed below: 

 
Bid Item No. 6 - EARTHWORK 

 
- END OF SECTION - 
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 SECTION 02320 - TRENCH EXCAVATION AND BACKFILL 
 
  
    
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary for the trench excavation, trench stabilization, structural 
backfill, trench backfill, installation of warning tape and all incidental work, complete.  See 
Section 02300-EARTHWORK, Trench Details included in the Drawings, and the Sacramento 
County Standard Designs for additional requirements. 
 
1.02 DEFINITIONS  
See Section 02300-EARTHWORK for definitions. 
 
1.03  SUBMITTALS 
The Contractor shall provide Certifications that all materials to be used on the project meet the 
requirements of the standards referenced. 
 
Samples of all fill materials to be used shall be submitted two (2) weeks in advance of use.  
Samples shall consist of 0.5 cubic feet of each type of material. 
 
PART 2 - MATERIALS  
 
2.01  PIPE BEDDING AND PIPE ZONE MATERIAL 
Pipe bedding and pipe zone material shall be #2 washed sand.  Epoxy lined and coated pipe, 
schedule 40 PVC pipe, and conduit shall have sand bedding and pipe zone material.  Cement 
mortar coated pipe, C900 and C905 PVC, ductile iron, and wrapped steel pipe smaller than 3 
inches in diameter shall have fine grade pipe bedding and zone material. 
 
 A.   Fine Grade Pipe Bedding and Zone Material 
   Fine grade pipe bedding and zone material shall consist of natural sand, manufactured 

sand produced from larger aggregates, or a combination of the two.  Sand shall be 
clean, non-plastic, and free from deleterious or foreign matter and shall otherwise 
meet the requirements of Section 02300-EARTHWORK, 2.10. 

 
2.02  AGGREGATE BASE 
See Section 02300-EARTHWORK for requirements. 
 
2.03  NATIVE MATERIAL 
See Section 02300-EARTHWORK for requirements. 
 
2.04  IMPORTED ENGINEERED FILL 
See Section 02300-EARTHWORK for requirements. 
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2.05  TRENCH STABILIZATION MATERIAL 
Trench stabilization material shall be 3-inch minus crushed rock, well graded from coarse to fine, 
containing less than 25-percent by weight particles passing the No. 200 sieve, and free from clay 
lumps, consolidated masses, and organic material. 
 
PART 3 - EXECUTION 
 
3.01  TRENCH EXCAVATION 
Trench excavation is unclassified and shall include removal of all materials or obstructions of 
any nature, the installation and removal of all sheeting, shoring and bracing, and the control of 
water, necessary to construct mains, services or other works.   
 

A.  Trench Depth and Width 
 Trenches shall conform to the Trench Details included in the Drawings, and these 

specifications.  
 
B.  Trench Grade 
 Excavate the trench to the lines and grades shown or as established by the Engineer 

with proper allowance for pipe thickness, pipe bedding, and trench stabilization 
material when required.  Remove any high spots that would prevent a uniform 
thickness of bedding.  If the trench is excavated below the required grade, correct any 
part of the trench excavated below the grade at no additional cost to the Owner, with 
material of the type specified for pipe bedding in this section.   

 
3.02  TRENCH STABILIZATION 
When, in the opinion of the Engineer, the existing material in the bottom of the trench is 
unsuitable for supporting the pipe, excavate below the flow line of the pipe and remove the 
unsuitable trench material.  Backfill the trench to the subgrade of the pipe bedding with trench 
stabilization material.  Place the trench stabilization material over the full width of the trench in 
maximum 8-inch loose layers and compact to at least 95-percent relative compaction. 
 
3.03  PIPE BEDDING 
Place pipe bedding material under the pipe for the full width of the trench in maximum 6-inch 
lifts.  Minimum depth of bedding below the pipe barrel shall be as shown on the Drawings.  
Excavate bell holes at each joint to permit proper bedding and assembly.   
 
Grade the pipe bedding material, by hand if necessary, to the line and grade to which the pipe is 
to be laid.  The pipe bedding material shall form a continuous and uniform bearing and support 
for the pipe at every point between bell holes, except that the grade may be disturbed for the 
removal of lifting tackle.  If during pipe installation it is found that a pipe section will be at an 
incorrect grade, that piece shall be removed and the pipe bedding material regraded to the proper 
elevation.  Compact pipe bedding material to 90-percent relative compaction, in accordance with 
ASTM D1557. 
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3.04  PIPE ZONE MATERIAL  
Place pipe zone material in even lifts on each side and on top of the pipe.  Limit compacted lift 
thickness to 6-inches and compact with mechanical tampers, rollers, or surface vibrators to at 
least 90-percent relative compaction and in accordance with ASTM D1557.  Operate this 
equipment to prevent damage to the pipe linings and coatings.  The pipe shall not be warped by 
the compaction procedures.  Precautions shall be taken to prevent shifting or flotation of the 
pipe. 
 
3.05  BACKFILL 
Do not push backfill into the trench in such a way as to permit free fall of the material until at 
least two feet of cover is provided over the top of the pipe.  Under no circumstances allow sharp, 
heavy pieces of material to drop directly onto the pipe or the compacted material around the 
pipe.  Limit compacted lift thickness to 6-inches and compact to the density shown on the 
Drawings. 
  
3.06  TRENCH BACKFILL IN IMPROVED AREAS 
The upper layer of trench backfill material that will be the subgrade for paved, graveled, or other 
traveled surfaces shall be Class 2 aggregate base and shall be compacted to at least 95-percent 
relative compaction.  Depth of subgrade shall be as shown on the Drawings. 
 
3.07  TRENCHES BELOW SLABS OR STRUCTURAL SECTIONS 
Where trenches are located below slabs or structural sections of imported material, the pipe zone 
material shall continue to the subgrade of the lowest layer of imported structural material beneath 
the slab or structural section, plus horizontally three feet before and beyond said slab or 
structural sections. 
 
3.08  MOISTURE CONTROL 
Maintain backfill at optimum practical moisture content required for compaction.  Add water or 
dry as required prior to placing material in trench.  Supplement, if required, by sprinkling.  Do 
not place excessively dry or wet material in trench and then attempt to compact it or modify its 
moisture content in place. 
 
3.09  COMPACTION TESTS 
Field tests of compacted density will be in accordance with CalTrans 216 (sand cone) or 231 
(nuclear gage) at the Engineer’s option.  See Section 02300-EARTHWORK for additional 
requirements.  The number and frequency of compaction tests will be at the discretion of the 
Engineer.  Initial compaction testing will be at the expense of the Owner, conducted by a firm 
selected by the Owner.  Subsequent testing due to failure of the initial or subsequent test will be 
paid for by the Owner and deducted from sums due to the Contractor. 
 
3.10  CONTROL OF WATER 
When water is encountered, the Contractor shall furnish, install, maintain and operate all 
necessary machinery, appliances and equipment to keep the excavation reasonably free from 
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water until the placing of the bedding material, laying and jointing of pipe and fittings, pouring 
of concrete, and placing of the initial backfill has been completed, inspected and approved, and 
all danger of flotation and other damage is removed.  Ground water pumped from the trench 
shall be disposed of in such a manner as to not cause injury to public or private property or 
constitute a nuisance or menace to the public, and the disposal method shall be subject to the 
approval of the Engineer.  See Section 02300-EARTHWORK for additional requirements. 
 
3.11  SHORING, SHEETING, AND BRACING 
Safety in trenches 5-feet and deeper may be accomplished by laying back the sides of the trench 
above the pipe zone material, or by shoring, sheeting, or bracing if approved or as directed by the 
Engineer.  Sheet and brace the excavation when necessary to prevent caving during excavation in 
unstable material, or to protect workers, adjacent structures, or property.  Increase trench widths 
accordingly by the thickness of the sheeting, shoring, or trench box.  Maintain shoring in place as 
long as required to maintain a safe working area.  The sheeting, shoring, or trench box shall be 
raised as the backfilling is done in a manner that will not damage the pipe or permit voids in the 
backfill.  All sheeting, shoring, and bracing of trenches shall conform to the safety requirements 
of the Federal, State, or local public agency having jurisdiction.  The most stringent of these 
requirements shall apply. 
  
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Trench Excavation and Backfill.  Payment for work in this 
Section shall be included as part of the applicable Lump Sum or Unit Prices stated in other 
Sections. 
 
 

-END OF SECTION-  
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SECTION 02740 - PAVING 
 

Bid Item No. 7 
 
 
PART 1 - GENERAL       
 
1.01  SCOPE 
This Section covers all work necessary for placing asphalt concrete, tack coats, header boards 
and fog seal, complete.  See Section 02300-EARTHWORK for additional requirements. 
 
1.02  SUBMITTALS 
The contractor shall submit the asphalt design mix and data showing that the asphalt concrete, 
tack coat, fog seal, and header boards meet the requirements of the referenced standards and 
manufacturer’s installation instructions. 
 
PART 2 - MATERIALS 
 
2.01  ASPHALT CONCRETE 
Aggregate shall conform to Section 39 of the CalTrans Standard Specifications and shall be Type 
B, ½-inch maximum, medium grading.  The asphalt binder shall be paving asphalt, grade AR-
4000, and conform to Section 92 of the CalTrans Standard Specifications. 
 
2.02  ASPHALTIC EMULSION 
Asphalt emulsion for use as a tack coat and crack sealer shall be SS1 and shall conform to 
Section 94 of the CalTrans Standard Specifications. 
 
2.03  FOG SEAL 
Fog seal shall be asphalt emulsion SS1 conforming to Section 94 of the CalTrans Standard 
Specifications. 
 
2.04  HEADER BOARDS 
Headers boards shall be either Redwood or Douglas Fir with an American Wood Preservers 
Bureau stamp, indicating its use for ground contact and application of L22 waterborne 
preservative or approved equal. 
 
PART 3 – EXECUTION 
 
3.01  SUBGRADE PREPARATION 
The subgrade shall be prepared in accordance with Section 02300-EARTHWORK. 
 
3.02  ASPHALT CONCRETE OVERLAY (Not Used) 
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3.03  ASPHALT CONCRETE PLACEMENT 
Workmanship in producing, hauling, placing, compacting, and finishing asphalt concrete shall 
conform to Section 39 of the Caltrans Standard Specifications except as modified and 
supplemented herein.  Install an 8-inch compacted layer of aggregate base course in accordance 
with Caltrans Section 26 and a 3-inch course of asphaltic concrete in accordance with Caltrans 
Section 39.   
 
The tolerance of the finished grade shall be plus or minus 0.01 feet from the required elevation.   
The finish grade of new paving shall match the existing pavement and shall conform to the 
existing cross slope or crown.  Variances of more than ¼-inch from the edge of existing 
pavement to the new pavement shall not be acceptable.  Dikes shall be shaped and compacted 
with an extrusion machine. 
 
3.04  TACK COAT 
Before placing asphalt concrete, an asphalt emulsion tack coat shall be applied to all surfaces of 
existing pavement; to curbs, gutters, slabs and construction joints against which asphalt will be 
placed; and where specified, at the approximate rate of 0.05 to 0.10 gallons per square yard.  
Tack coat shall be applied in accordance with the provisions in Section 39-4.02 of the CalTrans 
Standard Specification. 
 
Immediately prior to construction of asphalt concrete berms, a continuous tack coat shall be 
applied to the pavement surface.  Application of the tack coat shall not cause a slip or weakened 
plane between the two joined surfaces. 
 
3.05  FOG SEAL 
As soon as applicable after paving, all new pavement shall be fog sealed in accordance with 
CalTrans Section 37.  The minimum application rate for the original undiluted emulsion shall be 
0.10 gallon per square yard and shall be applied in two applications of 0.05 gallon per square 
yard.  A minimum of 24-hours shall elapse between applications.  
 
3.06  CONSTRUCTION JOINTS 
Construction joints shall be made in such a manner as to ensure a neat junction, thorough 
compaction, and bond throughout.  A transverse joint extending over the full width of the strip 
being laid at right angles to its centerline shall be constructed at the end of each day’s work and 
at any other times when the operations of placing the mixture are suspended for a period of time 
which will permit the mixture to chill.  The forward end of a freshly laid strip shall be thoroughly 
compacted by rolling before the mixture has become chilled.  When work is resumed, the end 
shall be cut vertically for the full depth of the layer. 
 
3.07  HEADER BOARDS 
Header boards shall be provided to protect the edges of asphaltic concrete where the asphalt is 
unsupported, such as in areas adjacent to planter areas, etc. Header boards are not required in 
areas where the paving is supported such as against concrete foundations, concrete curbs, and 
sidewalks. Boards shall be installed as shown on the Drawings. 
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3.08  PROTECTION OF STRUCTURES 
Provide whatever protective coverings may be necessary to protect the exposed portions of 
culverts, curbs, gutters, posts, guard fences, plantings, trees, and any other structures from 
splashing oil and asphalt, dirt, or any other undesirable matter than may come upon these 
structures by reason of the paving operations.   
 
Where water valve boxes, manholes, catch basins, or other underground utility appurtenances are 
within the area to be surfaced, the surfacing shall be level with the top of the existing finished 
elevation of these facilities.  If it is evident that these facilities are not in accordance with the 
proposed finished surface, notify the Engineer and adjust the facility to the correct height before 
proceeding with the resurfacing around the facility, unless otherwise approved.  Protect all 
covers during asphalt application.  After completion of the paving operation, all areas are to be 
cleaned of excess spilled asphalt materials to the satisfaction of the Engineer. 
        
3.09  WEATHER CONDITIONS 
Asphalt concrete shall not be placed (1) when the atmospheric temperature is lower than 40 
degrees F, (2) during rainfall, (3) when the surface upon which it is to be placed is frozen or wet, 
or (4) during dust storms or any imminent storms that might adversely affect the construction.   
 
3.10  TESTING 
 

A. Thickness  
 Pavement thickness shall be as indicated in the Drawings or Specifications, not 

exceeding +/- 1/4-inch variation in thickness. 
 
B. Smoothness 
 No pockets or depressions, which cause water to pool, shall be permitted.  The 

surface smoothness of the pavement shall be such that when a 12-foot straightedge is 
laid across the pavement, the surface shall not deviate from the straightedge more 
than 1/4-inch. 

 
3.11  EXCESS MATERIALS 
The asphalt concrete material removed shall become the property of the Contractor and shall be 
disposed of off-site in accordance with all applicable State and Local ordinances and the 
CalTrans Standard Specifications, Section 7-1.13. 
  
3.12  REPAIR OF DEFECTS 
Contractor shall remove and replace defective areas by cutting to the full depth of the course.  
Cuts shall be made perpendicular and parallel to the direction of traffic with edges vertical. 
 
Tack coat shall be applied to all exposed surfaces.  The area shall be filled with fresh hot 
asphaltic concrete mix in maximum lifts of 1.5-inches, to the same depth as the adjacent area, 
and then compacted by rolling to specified surface density and smoothness. 
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PART 4 - MEASUREMENT AND PAYMENT 
 
Paving, including new asphalt concrete satisfactorily completed, shall be paid for on a Lump 
Sum Basis, as stated in the Bid Item Schedule for the item listed below: 
 

Bid Item No. 7 - PAVING 
 

-END OF SECTION- 
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SECTION 02810 - SPRINKLER IRRIGATION SYSTEM 
 
PART 1 - GENERAL 
 

1.01 SCOPE 
This section covers the work necessary for furnishing and installing all irrigation system work 
indicated on the Drawings and specified here. 
 

1.02 SUBSTITUTIONS AND MATERIAL LIST 
 

A. Product names are used as standards only; other materials or methods shall not be 
used unless approved in writing by the Owner.  Burden of proof as to equality of any 
proposed material shall be upon Contractor; Owner's decision is final.  Only one 
request for substitution shall be considered for each item.  Equipment capacities 
specified are minimum acceptable. 

 

B. Submit a list of materials.  All materials to be used, whether substitutions or not, shall 
be listed in the order in which they appear in the specifications. 

 

C. Any mechanical, electrical, or other changes required for installation of any approved 
substituted equipment shall be made to satisfaction of Owner and without additional 
cost to Owner.  Approval by Owner of substituted equipment and/or dimensional 
drawing does not waive these requirements. 

 

D. Approval of material shall not be construed as authorizing any deviations from 
specifications unless attention of Owner has been directed to specified deviations. 

 

1.03 PROJECT CONDITIONS 
 

A. Information on Drawings, relative to existing conditions, is approximate only.  
Deviations found necessary during progress of construction to conform to actual 
conditions, as approved by Owner, shall be made without additional cost to Owner.  
Contractor shall be held responsible for any damage caused to existing services.  
Promptly notify Owner if services are found which are not shown on Drawings. 

 

B. Protect all existing utilities within construction area.  Repair any damages to utility 
lines that occur as a result of operations of this work. 

 

C. Verify all dimensions at the masonry wall and check existing conditions before 
beginning work.  Make changes which are necessary to install work in harmony with 
other crafts; they shall be first approved by Owner. 

 

1.04 MAINTENANCE AND OPERATING INSTRUCTIONS 
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A. Furnish three complete sets of operating maintenance instructions bound in a 
hardboard binder and indexed.  Start compiling the data upon approval list of 
materials.  Final inspection will not be made until booklets are approved by Owner. 

 

B. These sets shall incorporate the following information: 
 

A. Complete operating instructions for each item of irrigation equipment. 
 

B. Typewritten maintenance instructions for each item of irrigation equipment. 
 

C. Manufacturer's bulletins which explain installation, service, replacement parts, and 
maintenance. 

 

D. Post service telephone numbers and/or addresses in an appropriate place as 
designated by Owner. 

 

1.05 RECORD DRAWINGS 
Upon completion of work, and as a precedent to final payment, delver to Owner originals of all 
Drawings showing the work exactly as installed; the Drawings shall be a complete set of 
reproducibles. 
 

1.06 WARRANTY 

Repair or replace any defective work, material or part which may appear within one year of date 
of acceptance.   
 
PART 2 - MATERIALS  
 
2.01 QUICK COUPLER AND BALL VALVES 
 

 A. Quick Couplers shall be type indicated on Drawings. 
 
 B. Ball Valves shall be type indicated on Drawings. 

 
2.02 SPRINKLER HEADS AND DRIP EMITTERS 
Sprinkler Heads shall be type indicated on Drawings. 
 
2.03 AUTOMATIC CONTROLLER  
Controller shall be type indicated on Drawings. 
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2.04 AUTOMATIC CONTROL VALVES 
 

 A. Control Valves shall be type indicated on Drawings. 
 

  B. Provide unions to all valves on downstream side 
 
2.05 BACKFLOW PREVENTION DEVICE 
See Engineers Drawings. 
 
2.06 AUTOMATIC SPRINKLER CONTROL WIRE 
 

 A. Make connections between automatic control valves and controller with 14 UF direct 
burial plastic coated wire.  Splices and connections shall be soldered, taped with layers 
of Scotchwrap No. 33 for minimum of two inches on each side of splice, and covered 
with heavy coating of Scotchcoat.  Provide mechanical protection for all wire; tape to 
underside of piping where possible.  Wire installed below paving or roadways and where 
not protected by piping shall be run in underground conduit. 

 
 B. All electrical, other than low voltage, such as power wiring, conduit, fuses, thermal 

overloads and disconnect switches are included under Division 16. 
 
2.07 VALVE BOXES FOR VALVES AND FOR CONTROL WIRE SPLICES 
Valves in ground shall be installed in Brooks 120 Jumbo Series for control valves and Brooks 910 
Series for quickcoupler valves, gate valves and control wire splices. 
 
2.08 PIPE AND FITTINGS 
 

 A. Pressure main line 3 inch and smaller shall be Schedule 40 Type I PVC 1120 ASTM 
1785 with Schedule 40 white pipe fittings PVC Type I.  Pressure main line 4 inch and 
larger shall be PVC Ring-Tite, Class 200, 1120-200 psi with Ring-Tite Class 200 psi one 
piece molded PVC plastic fittings. 

 
 B. Lateral lines on discharge side of control valves to and including 2-1/2 inch size (except 

risers) shall be virgin high impact Class 200 PVC 1120; 3 inch and larger shall be 
Schedule 40 PVC. 

 
 C. All plastic pipe and fittings shall be continuously and permanently marked with the 

manufacturer's name, type of material, IPS size, schedule, NSF approval, and code 
number. 

 
 D. Plastic pipe fittings and connections shall be made from rigid PVC Schedule 40.  

Couplings shall be made from extruded stock, reamed with taper.  Use of saddles not 
acceptable. 
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 E. All threaded PVC pipe and nipples shall be IPS Schedules 80 when it is necessary to use 
threaded connections to gauges, valves, or control valves.  Threaded adapters may be 
used in place of nipples when making pipe to valve connections. 

 
 F. Use 45 degree fittings for all changes in depth of pipe, as at transition from the main line 

to lateral lines. 
 
 G. All piping above ground shall be Schedule 40 galvanized steel with cast iron fittings. 
 
 H. Sleeves shall be as indicated on Drawings. 
 
 I. Risers shall be as indicated on Drawings. 

 
PART 3 - EXECUTION 
 
3.01 EXCAVATING 
 

 A. Perform all excavating required for work of this Section. 
 
 B. Unless shown otherwise, provide a minimum of one foot six inches above top of pipe to 

finish grade outside, except one foot minimum cover over plastic pipe downstream of 
control valves.  Trim trench bottom by hand to provide a uniform grade and firm support 
throughout entire length of pipe free of rocks. 

 
C. Replace or repair, to original condition, all concrete, asphalt paving or other materials, 

distributed by trenching operation.  Repair within warranty period as required. 
 

3.02 INSTALLATION OF PIPING SYSTEM 
 

 A. Locate pipes as shown on Drawings except where existing supply valves, utilities or 
obstructions prohibit or where slight changes are approved to better suit field conditions. 

 
 B. Assemble piping systems in accordance with Plastic Piping Systems Installation Guide. 
 
 C. Close ends of pipe immediately after installation; leave closure in place until removal is 

necessary for completion of installation. 
 
 D. Each piping system shall be thoroughly flushed and cleaned before connection to 

equipment.  Divert excess water to prevent damage. 
 
3.03 PIPE JOINTS AND CONNECTIONS 
 

 A. Cut pipe and tubing square; remove rough edges or burrs. 
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 B. On threaded pipe, make joints with thread lubricant, use no caulking of any kind, remake 
leaky joints with new material. 

 
 C. Make joints using solvent for PVC plastic pipe. 

 
3.04 UNIONS AND FLANGES 
 

 A. Install unions or flanges, whether shown or not, at each connection to all equipment, at 
one connection to each valve, and at all connections to all automatic valves. 

 
 B. Locate unions for easy removal of equipment or valve. 
 

3.05 TEST AND ADJUSTMENTS 
 

 A. Test installation in accordance with following requirements and all applicable codes. 
 

 1. Notify Owner, in writing, at least four days prior to any test. 
 
 2. All piping and control wires for future shall be tested at completion of roughing-in or 

at other times as directed by Owner. 
 
 3. Furnish all necessary materials, test pumps, gauges, instruments and labor reburied 

for testing.  Tests shall be witnessed by Owner. 
 
 4. Isolate from system all equipment which may be damaged by pressure test. 

 
 B. Test schedule 

 
 1. No loss in pressure or visible leaks shall show after four hours at pressure indicated: 

 
System Tested     PSI  Agent

 
Irrigation Piping Upstream of Sprinkler 

Control Valves   Static  Water 
 

Irrigation Piping Downstream of Sprinkler 
Control Valves   Static  Water 

 
 2. Perform operation test under simulated or actual service conditions including one test 

of complete installation with all equipment connected and operating. 
 
 3. Should any material or work fail in any; of these tests, it shall be immediately 

removed and replaced by new material, and portion of work replaced shall again be 
tested at Contractor’s expense. 
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 4. Instruct Owner's operating personnel during operating adjustment period. 
 
3.06 BACKFLOW PREVENTION DEVICE 
See Engineer’s Drawings. 
 
3.07 SPRINKLER HEADS, DRIP EMITTER HEADS, QUICK COUPLING VALVES, AND 

BALL VALVES 
Install all sprinkler heads, quick coupling valves, and ball valves as shown on Drawings. 
 
3.08 CONTROL WIRING 
 

 A.  Install control wires beneath sprinkler main line whenever possible. 
 
 B. Provide 18 inches of slack wire for each wire connected to the automatic control valve.  

Slack wire shall be coiled and left in the valve box. 
 
 C. Snake wires in trench to allow for contraction of wires.  Tape wires in bundles every 10 

feet - 0 inches. 
 
 D. Remote control wire splices will be allowed in valves boxes only.  Crimp wires together 

with approved connector.  Seal connection with approved sealing pack. 
 
 E. All wire passing under existing or future paving, construction, etc., shall be encased in 

plastic or galvanized steel conduit extending at least 12 inches beyond edges of paving or 
construction. 

 
3.09 FLUSHING LINES 
Thoroughly flush lines and prove clean prior to installing valves, performing hydrostatic testing, or 
installing sprinklers. 
 
3.10 AUTOMATIC CONTROL VALVES 
Install where shown and where practical; place no closer than 12 inches to walk edges, building 
walls or fences. 
 
3.11 AUTOMATIC CONTROLLER 
Connect automatic control valves to controller in sequence as shown on Drawings. 
 
3.12 BACKFILL AND COMPACTING 
After system is operating and required tests and inspections have been made, backfill excavations 
and trenches, under paved areas, with sand to these Specifications.  In all non-paved areas, backfill 
trenches and excavations, with approved fill, up to finish grade.  Compaction for all trenches in non-
paved areas shall be 85 percent. 
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3.13 CLEANUP 
Remove all debris resulting from work in this Section. 
 

END OF SECTION 



 

 
 SECTION 02820 - CHAIN LINK FENCING 
 
 Bid Item No.  8 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This section covers the work necessary to furnish and install galvanized chain link fencing, gates, 
and appurtenances, as shown on the Plans.  
 
1.02  SUBMITTALS 
Contractor shall make the following submittals to the Engineer. 

 
A. One square foot sample of chain link fabric, and shop drawings showing gage, 

dimensions, and coating information. 
 
B. Shop drawings showing standard pipe section, wall thickness, coating, and other 

pertinent information for line posts, gate posts, end posts, and gates. 
 

 C. One-foot length of plastic fence slat. 
 
1.03  TEMPORARY FENCING 
The Contractor shall furnish and maintain temporary 6-foot high chain link fencing topped with 
3-strands of barbed wire around the perimeter of the site and around all storage and trailer areas. 
 
PART 2 - MATERIALS 
 
2.01  GENERAL 
All fencing materials shall be hot-dip galvanized after fabrication. Fencin fabric shall be 8-feet 
high, and black, vinyl coated, unless otherwise shown.   
 
2.02  CHAIN LINK FABRIC 
Chain link fabric shall be 2-inch mesh, 9-gage wire, and have a black vinyl coating. Width shall 
be 8-feet (plus or minus ¾- inch).  Fabric shall conform to ASTM A392 and shall have a Class 2 
zinc coating.  Chain link fabric shall be used for fence and gates. 
 
2.03  FABRIC TIES AND TENSION WIRE 
Fabric ties shall be 9-gage galvanized steel wire.  Top and bottom tension wires shall be a 
minimum of 7-gage galvanized coil spring steel.  
 
2.04  POSTS, TOP RAIL, BRACES AND GATE FRAMES 
Pipe used shall be ASTM A53, Schedule 40 steel pipe.  Posts, rails, braces and frames shall be 
hot-dip galvanized per ASTM A53, A123 or A153, whichever is applicable.  Galvanizing shall 
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apply at least 2.0 ounces of zinc per square foot of surface. Line posts shall be 2-3/8 inch outside 
diameter pipe weighing 3.65 pounds per foot.  Corner and end posts shall be minimum 2-7/8 inch 
outside diameter pipe weighing a minimum of 5.79 pounds per foot.  Braces and top rails where 
specified, shall be 1-5/8 inch outside diameter pipe.  Gate frames shall be made of minimum 1-
5/8 inch outside diameter full weight pipe.  Gate posts shall be 4-inch outside diameter weighing 
9.11 pound per foot.  Each swing gate leaf shall be provided with two diagonal braces. 
 
2.05  TRUSS RODS AND MISCELLANEOUS FITTINGS 
Truss rods shall be fabricated of 3/8-inch diameter steel rods and shall have turnbuckles or 
similar means of adjustment.  Gate hinges, drop bar locking devices, caps, gate stops and 
miscellaneous nuts, bolts, screws, bands, and other appurtenances shall be consistent in quality 
and strength to the rest of the fence.  Fittings used shall be hot-dip galvanized iron or steel with a 
minimum coating of at least 2.0 ounces of zinc per square foot of surface in accordance with 
ASTM A123 or A153, whichever is applicable. 
 
2.06  CONCRETE 
Concrete for post foundations shall be the same as specified in Section 03300-CONCRETE.  
 
PART 3 – EXECUTION 
 
3.01  FENCE 
Line posts shall be equally spaced between corners, end posts and gate posts at a spacing not 
exceeding 10-feet.  Posts shall be set vertical, shall be accurately aligned, and shall have their 
tops level or at a constant slope between changes in grade.  Post top shall permit passage of top 
rail or rainproof malleable iron caps as applicable. 
 
All posts shall be centered in concrete foundation and shall be set into the concrete to a depth of 
36-inches.  Corner, end, and gate posts shall be set in concrete foundations not less than 16-
inches in diameter, and line posts shall be set in concrete foundations not less than 12-inches in 
diameter.  The top surface of the concrete foundations shall be at least 1-inch above grade, be 
sloped to drain, and have a neat and uniform appearance. 
 
Corner, end, and gate posts shall be braced to the nearest line post.  Corner and end posts shall be 
braced as shown on the Drawings.  Bracing for end, corner, and gate posts shall be horizontal 
braces with truss rods.  Line posts shall be braced horizontally and trussed in both directions with 
truss rods at 1000-foot minimum intervals.  Top rails, shall be in lengths not less than 18-feet and 
shall be fitted with couplings for connecting lengths into continuous runs.  Couplings shall be not 
less than 6-inches long and allow for expansion and contraction of the rail. 
 
Chain link fabric shall be taut and shall be attached to posts, rails, and wires with galvanized 
fabric bands or tie wires at a maximum spacing of 12-inches on posts and 18-inches on the rails 
and tension wires.  Stretcher bars shall be provided at ends of fabric.  The bottom tension wire 
shall be stretched tight and shall be located a minimum of 1-inch and a maximum of 2-inches 

Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilties November 2008 
LSCE 07-3-075 02820-2 Chain Link Fencing 
 



 

above finished grade and on a straight grade between posts by excavating the high points of 
ground, and in no case shall depressions be filled. 
 
3.02  GATES 
Gate frames shall be fabricated with welded joints or rigid connectors.  The fabric shall be the 
same as that used for the fence and shall be rigidly attached to the frames.  Frames shall be 
suitably braced and trussed.  Gates shall be equipped with suitable offset hinges to permit a 180-
degree swing and a drop bar locking device with provision for padlocking.  A stop to hold the 
gate open and a center rest with catch shall be provided. 
 
3.03  GALVANIZED COATING REPAIR 
Any galvanized coating damaged during construction of the fencing shall be repaired as stated in 
Section 09940-COATINGS. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
Fencing, including gates and appurtenances, satisfactorily completed, shall be paid for on a 
Lump Sum basis stated in the Bid Item Schedule as listed below: 
 
 Bid Item No.   8   – CHAIN LINK FENCING  
 
 

 
-END OF SECTION- 
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SECTION 02900 - LANDSCAPING 
 
PART 1 - GENERAL 
 
1.01 SCOPE 
This section covers the work necessary for furnishing and installing all landscaping work 
indicated on the Drawings and specified here. 
 
1.02 WARRANTY 
 

A. Warranty all plant material for the duration of the landscape maintenance period.  
Plants not alive and in satisfactory growing condition, as determined by Owner, shall 
be replaced without additional cost to Owner. 

 
B. All repair work shall be as specified in this Section; all plant replacements shall be 

plants of same kind and size as specified in plant list; furnished and planted as 
specified. 

 
1.03 QUALITY ASSURANCE 
 

A. Contractor or an experienced foreman shall be present during installation. 
 

B. Owner reserves the right to inspect and reject plant material both at place of growth 
and at site, before and/or after planting, for compliance with requirements for name, 
variety, size, and quality. 

 
1.04 SUBMITTALS 
Locate all plant materials required for construction within 60 days prior to installation.  If 
specified material is not obtainable, submit to Owner proof of non-availability and proposal for 
use of equivalent material.  Submit photographs of alternative choices of plant material for 
selection by Owner.  Included with these photographs should be clear, written description of the 
type, size, condition, and general character of the plant material. 
 
1.05 PROTECTION AND CLEAN UP 

 
A. Protection of persons and property shall be provided throughout the progress of the 

work.  Use temporary barricades as required.  The work shall proceed in such manner 
as to minimize the spread of dust and flying particles and to provide safe working 
conditions for personnel.  Store materials and equipment where directed. 

 
B. Execute all work in an orderly and careful manner to protect paving, work of other 

trades, and other improvements. 
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C. Be responsible for protection of all existing utilities within construction area; repair, 
to satisfaction of Owner, any damages to utility lines that occur as a result of 
operation of this work. 

 
D. Protect landscape work and materials from damage due to landscape operations, 

operations by other contractors and trades and trespassers.  Maintain protection 
during installation and maintenance periods. 

 
E. Maintain cleanliness of paving areas and other public areas used by equipment and be 

responsible for immediate removal of all spillage on these pavings.  Remove from the 
project site all rubbish and debris found thereon and all material and debris resulting 
from the landscaping work, leaving site in a safe and clean conditions. 

 
1.06 RECORD DRAWINGS 
Upon completion of work, and as a precedent to final payment, deliver to Owner originals of all 
Drawings showing the work exactly as installed.  Deliver to Owner one (1) complete set of 
reproducibles of all Drawings, showing the recorded work. 
 
PART 2 - MATERIALS 
 
2.01 GENERAL 
 

A. Material shall be new, in perfect condition, and as specified.  Deviation or 
substitution from Specification and Drawings must be first approved by Owner. 

 
B. Soil amendment shall be a 90% bark base product, 0-1/4 inch size, nitrified dark 

humus treated with Nitrogen, ½-0-0. 
 

C. Fertilizer for trees and shrubs shall be commercial fertilizer, in tablet form; (12-8-8). 
 

D. Mulch shall be cedar bark (shredded bark) medium size.  Submit sample to Owner. 
 

E. Tree stakes and ties shall be as indicated on Drawings. 
 

F. Vitamin B-1 shall be "Superthrive", "Liquinox Start", or "Cal-Liquid". 
 

G. Weed Control shall be "Enide" (Upjohn), "Surflan" (Elanco Products Company) or 
"Dacthal" (Diamond Chemical". 

 
H. Plant material shall be: 

 
1. As indicated on Drawings.  Do not remove container grown stock from 

containers until planting time.  All plants shall be true to name. 
 

2. Healthy, shapely, well-rooted, not pot-bound, free from inspect pests or plant 
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diseases and properly "hardened off" before planting. 
 

3. Labeled.  Label at least one tree and one shrub of each species with a securely 
attached waterproof tag bearing legible designation of botanical and common 
name. 

  
PART 3 - EXECUTION 
 
3.01 JOB CONDITIONS 
 

A. Carefully examine the site, verify grade elevations, and observe the conditions under 
which work is to be performed.  Do not proceed with work until unsatisfactory 
conditions have been corrected in a manner acceptable to Owner. 

 
B. Proceed with the complete landscape work as rapidly as portions of the site become 

available, working within the seasonal limitations for each kind of landscape work 
required. 

 
C. Determine location of underground utilities and perform work in a manner which will 

avoid possible damage.  Hand excavate, as required, to minimize possibility of 
damage to underground utilities.  Maintain grade stakes set by others until removal is 
mutually agreed upon by all parties concerned. 

 
D. When conditions detrimental to seed or plant growth are encountered, such as rubble 

fill, adverse drainage condition, or obstruction, notify Owner before planting. 
 
3.02 LANDSCAPE PREPARATION 
 

A. General - Rough grading and drainage is not a part of this Section.  Discrepancies 
shall be brought to the attention of the Owner prior to start of landscaping work. 

 
B. All areas to be planted shall be cleared and cultivated to a minimum of 8 inches and 

shall be loose and friable. 
 
3.03 PREPARATION OF PLANTING PITS 
 

A. Excavate pits and trenches with vertical sides and with bottom of excavation slightly 
raised at center to provide proper drainage. 

 
B. Loosen hard subsoil in bottom, of excavation.  Extend excavation as required to 

insure proper drainage from plant pits. 
 

C. See Drawings for pit size requirements. 
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3.04 PLANTING AND FERTILIZATION 
 

A. Layout individual tree and shrub locations and areas for multiple plantings.  Stake 
locations and outline areas and secure Owner's acceptance before start of planting 
work.  Make minor adjustments as may be requested. 

 
B. Set container grown stock in center of pit.  In hot weather, pre-wet the pit.  When set, 

place additional backfill around base and sides of root ball. Work each layer to settle 
backfill and eliminate voids of air pockets.  Compact thoroughly lower half of 
backfill in plant pit. 

 
C. Place fertilizer planting tablets in root zone and alongside of each plant.  Follow 

manufacturer's instructions for the amount of tablets to use for each container size. 
 

D. Water after planting.  Build a temporary watering basin around the base of each plant, 
unless otherwise directed.  Inside of each basin evenly spread mulch to a depth of two 
inches. 

 
E. See Drawings for additional information. 

 
3.05 VITAMIN B-1 
Add Vitamin B-1, in the proper solution as recommended by the manufacturer, to the second 
watering of each watering basin. 
 
3.06 WEED CONTROL 
Pre-emergent herbicide shall be applied at rate recommended by the manufacturer to all shrub 
areas.  Notify Owner of time of installation for verification of application. 
 
3.07 MULCHING 
Mulch shall be applied as a top dressing to all shrub planters at the rate of 6 cubic yards per 
1,000 sq. ft.  Do not apply mulch until the pre-emergent herbicide has been applied. 
 
3.08 GROOMING OF TREES AND SHRUBS 
 

A. Prune, thin out and shape in accordance with standard horticultural practice and as 
directed by Owner.  Prune to retain natural character to accomplish their use in the 
landscape design.  Required plant sizes are the size after pruning. 

 
B. Remove and replace excessively pruned or misformed plants resulting from improper 

pruning. 
 
3.09 SOIL PREPARATION AND FERTILIZATION FOR ALL PLANTED AREAS 
 

A. All planted areas shall be cleared, weeded, and ripped and cross ripped to a depth of 8 
inches. 
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B. Apply Soil Amendment at the rate of 6 cubic yards per 1,000 square feet,  and 

thoroughly incorporate them to a depth of 6 inches by means of rototiller or equal. 
 

C. Operate sprinkler irrigation system to attain moisture to a depth of not less than 8 
inches and to settle the soil.  Avoid runoff and ponding.  

 
3.10 MAINTENANCE PERIOD 
 

A. The landscape maintenance period shall commence upon completion of all planting, 
as verified by Owner, and shall continue for a minimum period of 60 calendar days 
and to the final acceptance of the total project by the Owner.  During this period, all 
planting shall be kept in a healthy growing condition by watering, weeding, 
cultivating, pruning, spraying, fertilizing, trimming, and by performing any other 
necessary operation of maintenance.  

 
B. Refertilize all planted areas at the rate of 10 lbs per 1,000 square feet at the end of the 

maintenance period. 
 

C. Request, 48 hours in advance, on-site visits to start and end the maintenance period. 
 

D. Guarantee all new plant materials as outlined in Paragraph 1.4 of this Section. 
 

END OF SECTION 
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 SECTION 03300 - CONCRETE  
 
 Bid Item No. 9 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary for furnishing and placing all concrete for construction 
of the pump station foundation, sidewalks, gutters, drive approaches, utility pads, thrust blocks, 
including forms, reinforcing steel, finishing, fence footings, and all other miscellaneous concrete 
work on the site, complete. 
 
1.02  STANDARDS 
All work in this section shall conform to the requirements in the Specifications and Drawings, 
the applicable Sacramento County Standard Designs, the applicable City of Citrus Heights 
standards and in accordance with the applicable ACI, ASTM, and CRSI Standards. 
 
1.03  SUBMITTALS 
The Contractor shall make the following submittals for the Engineers approval. 
 

A. Complete data on the concrete mix including aggregate gradations and admixtures in 
 conformance with ASTM C94 Alternate 2.   
 
B. Submit either data compiled by a certified Testing Laboratory from a minimum of 30 
 previous compression tests or a batch test for each proposed mix design.  
 
C.  Curing compound data, including the manufacturers application instructions. 
 
D. Reinforcing steel shop drawings in accordance with CRSI 1990 Manual of Standard 
 Practice and ACI SP. 

 
1.04  TESTING 
The Engineer, at the Owner’s expense, shall have test cylinders taken and tested by an approved 
independent testing laboratory to verify strength of the concrete, in conformance with ASTM 
C31.  Acceptance and evaluation of the concrete strengths shall be by the Engineer in accordance 
with ACI 318. 
 
PART 2 - MATERIALS 
 
2.01  PORTLAND CEMENT 
Portland cement shall be Type II Low Akali Portland Cement and shall meet the requirements of 
ASTM Standard C150 as last amended.  
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2.02  CONCRETE 
 
 A. Mixing 

Concrete shall be ready-mixed.  Ready mix concrete shall conform to ASTM C94, 
Alternate 2.  Concrete shall be placed within 1-1/2 hours after cement has been added 
to the mix.  A delivery ticket shall be furnished to the Engineer in accordance with 
ASTM C94, including the following information: 

 
   Name of concrete firm 
   Serial number of ticket 
   Date 
   Truck number 
   Specific class of concrete 
   Amount of concrete 
   Time loaded 
   Water added (time and amount of water added) 
   Time unloaded 
 

B. Slump 
Slump range shall be 3 to 4 inches for the pump station slab, sidewalk, gutters, and 
utility pads, and 3 to 5 inches for pipe embedment, pipe and fence encasements and 
thrust blocks.   

 
C. Compressive Strength 

Minimum allowable 28-day compressive strength shall be 3,000 psi when cured and 
tested in conformance with ASTM C31 and C39. 

 
2.03  AGGREGATE 
Aggregate shall be furnished from one source, be free from deleterious coatings and substances 
in accordance with ASTM C33, free of materials and aggregates causing pop outs, discoloration, 
staining, or other defects on the surface of the concrete, and conform to the 1-inch maximum 
gradation as shown below.  
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Grading Limits 

Sieve Sizes Percent Passing 

1"...............................................................................  90-100 

¾”. ………………………………………………… 55-100 

3/8”............................................................................  45-75 

No. 4..........................................................................  35-60 

No. 8..........................................................................  27-45 

No. 16........................................................................  20-35 

No. 30........................................................................  12-25 

No. 50........................................................................  5-15 

No. 100......................................................................  1-8 

No. 200......................................................................  0-4 
 
2.04  WATER 
Water used in mixing concrete shall be clean and free from deleterious quantities of acids, 
alkalis, salts, or organic materials. 
 
2.05  REINFORCING STEEL 
Bars shall meet the requirements of ASTM Standards A615, Grade 40 for No. 5 and smaller and 
Grade 60 for No. 6 and larger, as last amended, for structural grade, deformed bars.   
 
Welded wire fabric shall meet the requirements of ASTM Standard A185, as last amended.  
Refer to the Drawings for requirements for the masonry building and slab.   
 
2.06  FORMS 
Forms shall be mortartight, true to the dimensions, lines and grades of the structure, and of 
sufficient strength to prevent dislocation of the formwork during the placement of the concrete.  
Forms shall be subject to the Engineer’s approval and shall follow the recommendations of 
“Guide to Formwork for Concrete” as reported by ACI Committee 347, unless otherwise 
specified. 
 
2.07  FORM TIES 
Form ties shall have conical or spherical type inserts, inserts shall be fixed so that they remain in 
contact with forming material, and shall be constructed so that no metal is within one-inch (1”) 
of the concrete surface when the forms, inserts, and tie ends are removed.  Wire ties shall not be 
permitted.  Ties shall withstand all pressures and limit deflection of forms to acceptable limits. 
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2.08  BITUMINOUS TYPE PREMOLDED JOINT FILLER 
Bituminous type premolded joint filler shall conform to ASTM D994 or D1751, unless otherwise 
shown or specified. 
 
2.09  CURING COMPOUND 
The curing compound shall be Non-Pigmented-Chlorinated Rubber Base-Clear (CalTrans 
Standard Specifications 8030-71D 06) or Non-Pigmented, conforming to ASTM Designation 
C309, Type 1, Class B. 
 
2.10  VAPOR BARRIER   
Subgrade preparation of the concrete floor slab shall include applying a 0.004-inch thick 
polyethylene film vapor barrier over a 4-inch thick ¾-inch maximum clean, crushed rock layer.  
The polyethylene film shall be Visqueen as manufactured by Visking Co., Fremont, CA, or 
approved equal, and shall be installed per the manufacturer's instructions. 
 
2.11  NONSHRINK GROUT, CEMENT GROUT, AND BONDING COMPOUNDS 
Refer to Section 03600-GROUT for requirements 
 
PART 3 - EXECUTION 
 
3.01  FORMS 
Concrete structures shall be constructed as shown on the Drawings and in accordance with the 
applicable ACI, ASTM, and CRSI Specifications.  Construct forms accurately to dimensions and 
elevations required and to be strong and unyielding.  Construct forms with tight joints to prevent 
the escape of mortar and to avoid the formation of fins.  Brace as required to prevent distortion 
and to fully support all loads during concrete placement and curing.   
 
The inside surfaces of forms shall be cleaned of all dirt, mortar, and foreign material prior to 
placing concrete.  Form ties on exposed surfaces shall be located in a uniform pattern as 
specified in the CRSI Standards.  Form ties shall be constructed so that the tie remains embedded 
in the wall, except for a removable portion at each end.  Forms shall be kept damp prior to 
placing concrete.  
 
3.02  PLACING REINFORCING STEEL 
Place reinforcing steel, in accordance with the Drawings and CRSI Recommended Practice for 
Placing Reinforcing Bars, except as modified herein.  Reinforcing steel shall be clean and free of 
paint, loose rust, scale, and shall be securely held in place and tied at all intersections, corners, 
and splices.  Minimum length of splices shall be as specified.  Top bars shall be defined as any 
horizontal bar placed such that 12-inches of fresh concrete is cast below in any single pour.  
Horizontal wall bars are considered top bars.  All top bars shall have a 32-diameter lap with a 
minimum of 12-inches.  All other bars shall have a 30-diameter lap with a minimum of 12-
inches.  Tie splices with 18-gauge annealed wire as specified in the referenced CRSI standard.  
All reinforcements shall be clean and free of paint, loose rust, and scale.  
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Provide concrete block of same strength as the concrete mix to support reinforcing bars or wire.  
Do not use broken concrete brick or stone. 
 
3.03  PLACING CONCRETE 
Prior to placing concrete, remove all water, debris, and foreign objects from the excavation and 
from the forms.  Check the reinforcing steel, for proper placement and correct any discrepancies. 
 
Place concrete without segregation or loss of ingredients and without splashing forms or steel 
above.  The vertical drop to final placement shall not exceed 6-feet.  Placement shall conform to 
the requirements of ACI 318, except as modified herein.  No concrete shall be placed or used 
after it has begun to set, and no tempering shall be allowed.  Chuting will be permitted only if 
means are taken to prevent segregation. 
 
Do not place concrete when the ambient temperature is below 40-degrees F or approaching 40-
degrees F and falling, without special protection as approved by the Engineer.  Any concrete 
damaged by freezing shall be removed and replaced at no additional cost to the Owner.  
Contractor shall conform to the requirements of “Hot Weather Concreting” as reported by ACI 
Committee 305R when concreting in hot weather. 
 
3.04  COMPACTION 
All concrete shall be vibrated during placement to assure a dense and homogeneous set.  Apply 
approved vibrator at points spaced not farther apart than vibrator’s effective radius.  Apply close 
enough to forms to vibrate surface effectively but not damage form surfaces.  Vibrate until 
concrete becomes uniformly plastic.  Vibrator must penetrate the freshly placed concrete and into 
the previous layer of concrete below.  Care shall be taken not to over vibrate causing segregation 
of aggregates. 
 
3.05  EXPANSION JOINTS 
The premolded joint filler shall be of sufficient width to completely fill the joint space. 
 
3.06  CONSTRUCTION JOINTS 
Locate as shown or as approved, except that maximum spacing between construction joints shall 
be 40 feet. 
 
3.07  FINISHING 
Concrete work for the pump station slab shall be ball floated with a wood float and finished with 
a light broom finish for bounding to a non-skid sanded epoxy coating.  See Section 09900-
PAINTING for additional requirements. All exposed edges shall be finished with a steel edging 
tool and the outside exposed edge shall be formed with a 1-inch chamfer. Do not absorb wet 
spots with neat cement. 
 
Sidewalks and exterior slabs available to foot traffic shall be ball floated with a wood float, wood 
troweled, and lightly troweled with a steel trowel, and finished with a light broom to obtain a 
nonskid surface.  Broom finish sidewalks at a right angle to walk way and curb and gutter 
parallel with street.  All exposed edges shall be finished with a steel edging tool. 

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075 03300-5 Concrete  



 

 
All other concrete work shall be ball floated with wood float and troweled with steel trowel to a 
smooth finish free from trowel marks.   
 
3.08  REMOVAL OF FORMS 
Remove formwork and bracing a minimum of three (3) days after pouring, after concrete has set 
sufficiently to carry the dead load and construction load it has to sustain and when approved by 
the Engineer.  Remove forms with care to prevent scarring and damaging the surface. 
 
3.09  PROTECTION AND CURING 
Protect fresh concrete from direct rays of the sun, drying winds, and wash by rain.  Cure formed 
surfaces with an approved curing compound applied in conformance with the manufacturer’s 
directions.  The curing compound shall be uniformly applied immediately after the finishing 
operation, before the moisture sheen disappears from the surface and as soon as the forms are 
removed.  The curing compound shall be used within 120-days of manufacture. 
 
3.10  PATCHING 
Cut out all honeycombed and defective areas.  Cut edges perpendicular to the surface at least 1-
inch deep, no feather edge allowed, and patch.  Using bonding agent, fill holes flush with cement 
grout.  Rub surface with wood float and burlap.  Keep patches damp for a minimum of seven (7) 
days or spray with curing compound to minimize shrinking.  Fill all form tie holes in the same 
manner.  Defective work shall be corrected to the satisfaction of the Engineer. 
 
3.11  CONCRETE BEDDING AND ENCASEMENT 
Place concrete bedding up to a height of 1/3 of the outside diameter of the pipe in all trenches 
requiring concrete bedding.  Place concrete bedding and encasement in such a manner that no 
dirt or foreign material becomes mixed with the concrete.  Concrete shall be placed as shown on 
the Drawings.  Concrete shall have sufficient strength before any additional backfill material is 
placed in the trench. 
 
3.12  DUCT BANKS 
Duct bank concrete shall be compacted by rodding or spading only.  Mechanical vibrators shall 
not be used.  Concrete shall be worked around reinforcement and embedments and into corners 
of the forms.  After screeding and before final floating a red concrete surface coloring shall be 
dusted on the fresh concrete surface at the rate recommended by the manufacturer. 
 
3.13  EMBEDMENTS 
Gate frames, fence posts and footings, light fixtures, gate thimbles, special castings, channels or 
other miscellaneous metal parts that are to be embedded in the concrete shall be set and secured 
in the forms prior to concrete placement.  Unless otherwise specified, anchor bolts and inserts 
shall be embedded in concrete as shown.  The Contractor shall provide inserts, anchors or other 
bolts necessary for the attachment of piping, valves, metal parts and equipment.  Operators or 
sleeves for gate or valve stems shall be positioned to clear reinforcing steel, conduit and other 
embedments, and to align accurately with equipment. 
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3.14  FAILURE TO MEET STRENGTH REQUIREMENTS 
Failure to meet the minimum 28-day compressive strength required shall be basis for rejection of 
the concrete.  The under strength concrete shall be removed and replaced at no additional cost to 
the Owner. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
All work as specified herein, satisfactorily completed, shall be paid for on a Lump Sum basis 
stated in the Bid Item Schedule for the item listed below: 
 

Bid Item No. 9 - CONCRETE 
    
 
 

-END OF SECTION- 
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SECTION 03400 - PRECAST CONCRETE 
 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to furnish and install all precast concrete boxes, catch 
basins, manholes and appurtenances, complete. 
 
1.02  SUBMITTALS 
The Contractor shall make the following submittals:   
 
 A. Shop drawings for all precast concrete items.  Submitted drawings shall show all 

dimensions, location and type of embedded items, knockouts, lifting inserts, and 
details of reinforcement and joints. 

 
 B. The design criteria used by the manufacturer, for all precast items. 

 
 C. Approved ICBO reports for all lifting inserts, showing allowable design loads on the 

inserts. 
 
 D. Verification of compressive strength.  Such verification shall be laboratory trial batch 

test results with a minimum of three test cylinders or a series of production 
compression tests with a minimum of 20 sets of test data which fall within the 
acceptance criteria specified herein.  Such tests must have been made within the 
previous 2-years on the identical concrete mix submitted. 

 
1.03  QUALITY ASSURANCE 
Test methods and criteria for evaluation and acceptance of concrete shall be as specified in 
Section 03300-CONCRETE. 
 
PART 2 - MATERIALS 
 
2.01 - PRECAST BOXES AND MANHOLES 
Precast boxes, manholes, covers and related appurtenances shall conform to the applicable 
Sacramento County Standard Designs and these Specifications. 

 
A. Size 

Boxes and manhole dimensions shall be as required on the Drawings. 
 
B. Material 

Concrete used for precast boxes, vaults, and manholes shall have a minimum 
compressive strength of 3,000 psi. 
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C. Covers 

Unless otherwise noted on the Drawings, valve and meter boxes shall have cast iron 
covers.  Valve boxes shall have triangular-shaped covers.  The frames and lids shall 
be provided by the box or vault manufacturer.  All covers shall have a minimum of 
two hex head bolts to secure them to the frame.  Covers shall have lifting handles.  
When leveling bolts are used to set the vault top sections, the Contractor shall ensure 
that the load on the vault will be transferred through the mortar to the vaults and will 
not be carried by the leveling bolts.  All covers shall be marked with cast-in or weld 
bead lettering to identify the service as shown.  All manhole covers which do not fit 
neatly and bear firmly in the ring will be rejected. 

 
D. Loading 
 Where boxes, vaults, or manholes are in areas which may be subjected to vehicular 

traffic, they shall be designed for H-20 traffic loading.  In other areas, they shall be 
designed for a vertical live load of 300 psf.  Lateral loads on all boxes, vaults, and 
manhole walls shall be as follows: 

    
1.   Soil Static:  65 x h (psf) triangular equivalent fluid pressure plus surcharge of    

240 psf in areas designated for vehicular traffic, where h = depth of fill. 
 
2. Soil Seismic:  29 x h (psf) uniform load distribution, where h=depth of fill 
 
3. Seismic Acceleration:  As determined using the provisions set forth in the 

2007 CBC using I=1.25. 
 
2.02  PRECAST STORM DRAIN MANHOLES AND COVERS 
Precast manhole barrels, risers, cones, and grade rings shall conform to ASTM C478 with the 
additional requirement that the cement used shall be Type II.  Standard concentric cones shall be 
used on all manholes and manhole sections shall be manufactured without the provision for 
steps.  Manhole bases shall be precast when the internal diameter of the largest pipe is less than 
thirty-three inches (33”).  Standard concentric cones conforming to ASTM C478 shall be used.  
Storm drain manholes and manhole covers shall conform to the County of Sacramento Standard 
Designs. 
 
2.03  SITE-CAST ITEMS 
Site-cast items shall conform to Section-03300 CONCRETE and shall include all reinforcing 
steel, embeds, and other items necessary for such placement.  All portions of embeds which 
remain embedded in the concrete shall be made of stainless steel. 
 
2.04  PREFORMED JOINT SEALANT     
The joint sealing compound shall be Quik-Seal, a preformed, cold-applied, ready to use plastic 
joint sealing compound as supplied by Quikset Utility Vaults; Ram-Neck by K.T. Snyder 
Company; or equal. 
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2.05  RESILIENT CONNECTORS 
Resilient connectors shall conform to ASTM C 923 and shall be a flexible compression gasket, 
which is set during the Precast process or a boot connector, shall be Calpico Pipe Link, Kor-N-
Seal, A-lock, or approved equal.   
 
2.06  NONSHRINK GROUT 
Nonshrink grout shall conform to Section 03600-GROUT. 
 
2.07  MORTAR 
Mortar used in finishing manholes shall conform to CalTrans Section 51-1.135. 
 
2.08  EPOXY ADHESIVE 
Epoxy adhesive shall conform to CalTrans Section 95-2.05. 
 
2.09  CLEAN CRUSHED ROCK 
Crushed rock shall conform to Section 02300-EARTHWORK. 
 
PART 3 - EXECUTION 
 
3.01  INSTALLATION 
Precast items shall be installed in accordance with the manufacturer’s recommendations, the 
County of Sacramento Standard Designs, and these Specifications, unless otherwise shown on 
the Drawings.   
 
All precast items shall be set on a minimum foundation of 6 inches of ¾-inch crushed rock.  
Connections to manufactured, precast items shall be made by casting sections of pipe into the 
items, using nonshrink grout as shown on the Drawings, and/or using an approved resilient 
connector, unless otherwise specified.  All such connections shall be watertight. 
 
3.02  STORM DRAIN MANHOLES 
Construction of storm drain manholes shall conform to the American Public Works Standards, 
Detail B20-1 and these Specifications.  Pipe connections to precast manhole bases shall be made 
with a resilient connector.  For cast-in-place bases the connection shall be made with a water 
stop.  All connections shall be water and soil tight.  The method of placement of mortar to finish 
the manhole shall conform to CalTrans Section 51-1-135.  
 
Joints in precast manhole shafts shall be sealed by buttering the joint space of the previously laid 
barrel section or base with mortar or shall be sealed with preformed plastic sealing compound 
and installed as recommended by the manufacturer.  All joint surfaces shall be thoroughly 
cleaned prior to placing the sealing compound or buttering with mortar.  The inside and outside 
of mortared joints shall be plastered with mortar and the inside brushed to a smooth finish with a 
wet brush.  Special precautions shall be taken to see that the entire joint space is filled with 
mortar, is watertight, and is approved by the Engineer.  
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The joint between the manhole frame and the cone or grade ring shall be sealed by buttering the 
joint space with mortar, or the joint shall be sealed using an epoxy adhesive. 
3.03  TESTING 
All storm drain precast manholes shall be tested in accordance with Section 15950-
PERFORMANCE TESTING. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Precast Concrete.  Payment for work in this Section shall 
be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 03600 - GROUT 
 
 
  
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary for structural, miscellaneous, and other uses of grout as 
indicated on the Drawings, complete. 
 
1.02  SUBMITTALS 
The following information shall be provided: 
 
 A. Manufacturer’s Data: 
  Manufacturer’s Data is required for the following: 
 
   1.   Bonding compounds 
  2.  Nonshrink grout 
  3. Pressure grout 
  4. Retardants 
  5. Epoxy grout 
  6. Polymer concrete 
 
 B. Laboratory Test Reports: 

Test reports on previously tested materials shall be accompanied by the 
manufacturer’s statement that the previously tested material is the same type, quality, 
manufacture, and make as that proposed for use in this project.  Test reports are 
required for the following: 

 
  1. Cement 
  2. Aggregates 
  3. Retardants 
  4. Bonding compounds 
  5. Epoxy resin 
 
PART 2 - MATERIALS 
 
2.01  DRYPACK GROUT 
Drypack grout shall be a mixture of approximately 1-part cement, 1.5 to 2-parts sand, water 
reducing retarder, and sufficient water to make a stiff workable mix. 
 
2.02  CEMENT GROUT 
Cement grout shall be a mixture of 1-part cement, 1.5-parts sand, proportioned by volume, 
admixtures for pressure grouting, and sufficient water to form a workable mix. 
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2.03  NONSHRINK GROUT  
Nonshrink grout shall be a prepackaged, inorganic, nongas-liberating, nonmetallic, cement-based 
grout requiring only the addition of water.  Manufacturer’s instructions shall be printed on each 
bag or other container in which the materials are packaged.  The specific formulation for the 
nonshrink gout specified herein shall be that recommended by the manufacturer for the particular 
application. 

 
Nonshrink grout shall have a minimum 28-day compressive strength of 5,000 psi, shall have no 
shrinkage (0.0 percent) and a maximum 4.0 percent expansion in the plastic state when tested in 
accordance with ASTM C 827, and shall have no shrinkage (0.0 percent) and a maximum of 0.2 
percent expansion in the hardened state when tested in accordance with the U.S. Army Corp. of 
Engineers, Concrete Research Division (CRD) standard CRD-C621.   
 

1. Class A nonshrink grout shall be used for the repair of all holes and defects in concrete 
members which are water bearing or in contact with soil or other fill material, grouting 
under all equipment baseplates, grouting under all baseplates for structural steel 
members, grouting railing posts in place, and at all locations where grout is specified in 
the Contract Documents. 

 
2.04  EPOXY GROUT FOR CRACK REPAIR AND DOWEL ANCHORAGE 
Except as noted below, epoxy grout shall be a high modulus, two-component, moisture 
insensitive, 100 percent solids, thermosetting modified polyamid epoxy compound.  The 
consistency shall be a paste form capable of not sagging in horizontal or overhead anchoring 
configurations.  Material shall conform to ASTM C881 Type 1, Grade 3, such as Adhesive 
Engineering Concresive 1440 series, Sika Corporation Sikadur Hi-Mod Series, Adhesive 
Technology Corporation Solidbond 200 or equal, and shall have a heat deflection temperature in 
excess of 130 degrees F. 
 
Epoxy for pressure grouting/crack injection shall be a two-component, moisture insensitive, high 
modulus, injection grade, 100 percent solids, blend of epoxy-resin compounds.  The consistency 
shall be as required to achieve complete penetration in hairline cracks and larger.  Material shall 
conform to ASTM C881 Type 1 Grade 1, such as Sika Corporation Sikadur 52, Adhesive 
Engineering Company SCB products, Adhesive Technology Corporation SLV 300 series, or 
equal. 
 
2.05  POLYMER CONCRETE (FOR RESURFACING OR PATCHING): 
Polymer concrete (for resurfacing or patching) shall consist of a liquid binder and dry aggregate 
mixed together to make a mortar or grout of a consistency as required for the application.  The 
liquid binder shall be chemical and oil resistant, stress relieved, low modulus, moisture 
insensitive, two-component epoxy-resin compound.  Material shall conform to ASTM C881 
Type 3 Grade 1, such as Sika Corporation Sikadur Lo-Mod series, Adhesive Engineering 
Concresive 1470, Adhesive Technology Corporation 400 series, or equal. 
 
The aggregate shall be oven dry in sealed packages until time of mixing, and shall be of size and 
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consistency compatible with recommendations of manufacturer of liquid binder for intended 
application. 
 
2.06  ADHESIVE CAPSULES FOR DOWEL ANCHORAGE 
Adhesive resin capsules shall consist of sealed glass capsules containing premeasured amounts 
of polyester or vinylester resin, quartz sand aggregate and a hardener contained in a separate vial 
within the capsule.  Adhesive capsules shall be Hilti HEA Capsules, Molly Parabond Capsules, 
or equal. 
 
2.07  BONDING COMPOUNDS 
Epoxy resin bonding compounds shall be used for wet areas and shall be Adhesive Engineering, 
Concresive Nos. 1001, 1001-LPL or 1180 as applicable; Sika Chemical Corporation, Sikadur 35, 
Hi-Mod LV, Sikadur 32, Hi-Mod, or Sikadur 31, Hi-Mod Gel as applicable; Burke Company 
881 LPL Epoxy; or equal.   
 
Non-epoxy bonding compounds shall be used for dry areas and shall be Burke Company, Acrylic 
Bondcrete; Imperial Chemical Industrial, Inc., Thoro System Products, Acryl 60; Thorobond; or 
equal.  Bonding compounds shall be applied in accordance with the manufacturer’s instructions.   
 
2.08  ADMIXTURES 
 

A.  General 
Admixtures shall be compatible with the grout.  Calcium chloride or admixtures 
containing calcium chloride are not acceptable.  Admixtures shall be used in 
accordance with the manufacturer’s recommendations and shall be added separately 
to the grout mix. 

 
 B.  Water Reducing Retarder 

Water reducing retarder shall be ASTM C494 Type D and shall be Master Builders 
Pozzolith 300-R, Sika Corporation Plastiment, or equal. 
 

C.  Lubricant for Cement Pressure Grouting 
Lubricant additive for cement pressure grouting shall be Intrusion Prepakt Intrusion 
Aid, Sika Intraplast N, or equal. 

 
2.09  WATER  
Water for washing aggregate, for mixing and for curing shall be free from oil and deleterious 
amounts of acids, alkalies, and organic materials; shall not contain more than 1,000 mg/1 of 
chlorides as C1, nor more than 1,300 mg/l of sulfates as SO4; and shall not contain an amount of 
impurities that may cause a change of more than 25-percent in the setting time of the cement nor 
a reduction of more than 5-percent in the compressive strength of the grout at 14-days when 
compared with the result obtained with distilled water.  Additionally, water used for curing shall 
not contain an amount of impurities sufficient to discolor the grout. 
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2.10  AGGREGATE 
 
 A.  General 

Aggregate shall be non-reactive and shall be washed before use.  When sources of 
aggregate are changed, test reports shall be provided for the new material.  The tests 
specified shall be performed prior to commencing grout work. 

 
 B. Fine Aggregate 

Fine aggregate shall be hard, dense, durable particles of either sand or crushed stone 
well graded from coarse to fine and shall conform to ASTM C33 as modified herein.  
When tested in accordance with ASTM C136, gradation shall be such that 100-
percent by weight will pass a standard No. 8 mesh sieve and no less than 45-percent 
by weight will pass a standard No. 40 mesh sieve. 

 
2.11  PRESSURE GROUTING EQUIPMENT 
Pressure grouting equipment shall include a mixer and holdover agitator tanks and shall be 
designed to place grout at pressures up to 50-psi.  Gages shall be provided to indicate pressure 
used.  The mixer shall be provided with a meter capable of indicating to one-tenth of a cubic foot 
the volume of grout used. 
 
PART 3 - EXECUTION 
 
3.01  GENERAL 
Primer, if required for polymer concrete, shall be provided per manufacturer’s recommendation. 
 
3.02  DRYPACK GROUT 
Drypack grout shall be used for built-up surfaces, setting miscellaneous metal items and minor 
repairs.  Surfaces required to be built up with drypack grout shall be roughened by brushing, 
cleaned, and coated with the bonding compound before the application of the grout.  The 
drypack grout shall be applied immediately following the application of the bonding compound 
in bands or strips to form a covering of the required thickness.  The covering shall be smooth.  
Construction joints in the grout shall be sloped and shall be cleaned and wetted before 
application is resumed.  Grout shall not be placed during freezing weather unless adequate 
protection is provided. 
 
3.03  CEMENT GROUT 
Cement grout shall be used for filling nonbearing portions of equipment pads and pressure 
grouting.  Cement grout shall be mixed in a revolving drum or revolving blade type mortar mixer 
or hand mixed in a watertight mixing box.  When hand mixed, the material shall be thoroughly 
mixed dry and then sufficient water added to bring the mixture to a workable consistency.  Grout 
must be used before it has taken an initial set, and no retempering with additional water shall be 
permitted.  Grout shall be mixed for a period of at least 1-minute after water is added.  Grout 
shall be agitated to keep ingredients mixed. 
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3.04  NONSHRINK GROUT 
Nonshrink, nonmetallic aggregate grout shall be used for the bearing surfaces of machinery and 
equipment bases, column base plates and bearing plates.  Nonshrink metallic aggregate grout 
shall be used for setting anchor bolts and grouting reinforcing steel holes.  Grout shall meet the 
requirements of CRD-C621 and shall be placed in accordance with manufacturer’s instructions. 
 
Holes required for grouting shall be blown clean with compressed air and left free of dust or 
standing water.  Horizontal holes for grouting shall be drilled at a slight downward angle to 
facilitate holding the grout until setting is complete.  Bolts or reinforcing steel installed in 
horizontal grout holes shall be bent slightly accordingly. 
 
3.05  EPOXY GROUT 
Epoxy grout shall be used for repairing cracks by pressure grouting or gravity flow, repairing 
structural concrete, and may be used for setting reinforcing dowels or anchor bolts into holes for 
grouting.  Concrete shall be primed in accordance with the grout manufacturer’s instructions.  
Use of epoxy grout for anchorage of bolts or reinforcing dowels shall be subject to the following 
conditions: 
 

A. Use shall be limited to locations where exposure, on an intermittent or continuous 
basis, to acid concentrations higher than 10-percent, to chlorine gas, or to machine or 
diesel oils, is extremely unlikely. 

 
B. Use shall be limited to applications where exposure to fire or exposure to concrete or 

rod temperature above the product’s heat deflection temperature or 120-degrees F 
(whichever is less) is extremely unlikely.  Overhead applications (such as pipe 
supports) because of the above concerns, shall be disallowed. 

  
C. Approval from the Engineer for specific application and from supplier of equipment 

to be anchored, if applicable. 
  
D. Anchor diameter and grade of steel shall be per Contract Documents or per supplier 

specifications.  Anchor shall be threaded or deformed full length of embedment and 
shall be free of rust, scale, grease, and oils. 

 
E. Embedment depth and hole diameter shall be as specified.   
 
F. Holes shall have rough surfaces, such as can be achieved using a rotary percussion 

drill. 
 
G. Holes shall be blown clean with compressed air and be free of dust or standing water 

prior to application of grout. 
 
H. Anchors shall be left undisturbed and unloaded for full curing period. 
 
I. Anchors shall not be placed in concrete below 40-degrees F. 
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3.06  ADHESIVE CAPSULES 
Adhesive resin capsules may be used for setting and anchoring reinforcing dowels or anchor 
bolts into predrilled holes in concrete.  Use of the adhesive resin capsules for anchorage of 
reinforcing dowels or bolts shall be subject to conditions A through D and F through I, as listed 
in preceding paragraphs under Epoxy Grout and as herein specified. 
 
Embedment depth shall be as specified.  Adhesive capsules of different diameters may be used to 
obtain proper volume for the embedment, but no more than two capsules per anchor may be 
used.  When installing different diameter capsules in the same hole, the larger diameter capsule 
shall be installed first.  Any extension or protrusion of the capsule from the hole is prohibited. 
 
3.07  PRESSURE GROUTING 
Prior to grouting, systems and holes to be grouted shall be washed clean.  Washing is not 
required for grouting soil voids outside pipe cylinders or casing pipes.  Grouting, once 
commenced, shall be completed without stoppage.  In case of breakdown of equipment, the 
Contractor shall wash out the grouting system sufficiently to ensure that fresh grout and adequate 
bond and penetration will occur upon restarting the grouting operation.  Grout pressure shall be 
maintained until grout has set. 
 
3.08  CURING 
Drypack grout, and cement grout shall be cured in accordance with Section 03300-CONCRETE.  
Non Shrink grout shall be protected against rapid loss of moisture by covering with wet cloths or 
polyethylene sheets.  After edge finishing is completed, the grout shall be wet cured for at least 
3-days and then an acceptable membrane curing compound shall be applied. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Grouting.  Payment for work in this Section shall be 
included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 04200 - CONCRETE MASONRY UNITS 
 

 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary for furnishing and installing concrete masonry units, 
anchors, sleeves, frames, structural steel, lintels, anchor bolts, and all other items required, 
complete. 
 
1.02  GENERAL 
Concrete masonry structures shall be constructed of units of the types, dimensions, 
arrangements, and coursing indicated on the Drawings and specified herein, complete with all 
materials, accessories, and appurtenances as indicated, specified or required. 
 
1.03  SUBMITTALS 
Before masonry construction is begun, the following drawings, data, specimens, and samples 
shall be submitted in accordance with the Submittals section: 
 

A. Results of mortar compressive strength performed in accordance with Uniform 
Building Code Standard 21-16. 

 
B. Results of tests of compressive strength of concrete grout in accordance with UBC 

Standard No. 21-19. 
 
C. Cold and hot weather construction procedures. 
 
D. Results of tests of masonry units and materials; certified test reports of three sample 

concrete masonry units of each type proposed to be used on the job, performed by an 
independent testing laboratory acceptable to the Engineer, indicating that the material 
proposed for use meet the requirements of these specifications.  Test results shall 
include, but not be limited to, compressive strength, linear shrinkage, total absorption, 
moisture content as a percent of total absorption, and unit weight.  Tests shall be 
performed in accordance with ASTM C 90, ASTM C 140, and ASTM C 426. 

 
E. Two full-size concrete masonry unit samples of each type of masonry unit proposed 

for color and quality approval. 
 
F. Drawings showing placement of all rebar within masonry units. 
 

1.04  STORAGE AND HANDLING 
All masonry units shall be handled in a manner which will prevent soiling, chipping, or damage 
of any kind.  Broken, discolored, chipped, or otherwise damaged facing units shall be rejected 
and shall be replaced with undamaged units. 
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Masonry units shall be stored on pallets and shall be protected against contamination and 
staining.  Masonry units shall be kept covered and dry at all times.  Lime and cement shall be 
stored under cover in a dry place. 
 
Sand shall be stored so that the inclusion of foreign materials is prevented.  Whenever sand is 
piled directly on the ground, the surface beneath the sand shall be smooth, well drained, and free 
from dust, mud, and debris.   The bottom 6 inches of each pile of sand placed directly on the 
ground shall not be used in mortar. 
 
PART 2 - MATERIALS 
 
2.01  GENERAL 
Masonry unit sizes are indicated in inches.  Sizes of masonry units are nominal, the actual size 
being slightly smaller to allow for mortar joints.  All materials shall meet the UBC (Chapter 21) 
requirements. 
 
2.02  HOLLOW CONCRETE BLOCK 
ASTM C90, Type 1, Grade N and conform to UBC (Chapter 21) requirements for hollow load-
bearing concrete masonry units.  Dimensions as indicated on the Drawings.  Special shapes and 
proper sizes shall be used to provide for all window and door openings, bond beams, piers, 
lintels, and other special applications with a minimum of block cutting.  Concrete masonry units, 
as indicated on the Drawings, shall be as manufactured by Calstone Company, Best’s Blocks 
Inc., Superlite Builders Supply Company, or approved equal.  Lightweight aggregate conforming 
to ASTM C331; moisture-controlled for linear shrinkage of 0.065 of 1-percent from saturated to 
oven dry condition when tested in accordance with ASTM C426. 
 
2.03  SAND 
Sand shall conform to ASTM C144 and shall be natural sand; 95-percent passing No. 50 sieve, 
for pointing mortar. 
 
2.04  FINE AGGREGATE 
Fine aggregate shall conform to ASTM C404, fine aggregate for grout. 
 
2.05  COARSE AGGREGATE (PEA GRAVEL) 
Coarse aggregate shall conform to ASTM C33, coarse aggregate, for grout, no more than 5-
percent passing the No. 8 sieve and 100-percent passing the 3/8-inch sieve. 
 
2.06  PORTLAND CEMENT  
Portland Cement shall conform to ASTM C150, Type 1. 
 
2.07  HYDRATED LIME 
Hydrated Lime shall conform to ASTM C207, Type S. 
 
2.08  QUICKLIME 
Quicklime shall conform to ASTM C5, pulverized. 
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2.09  LIME PUTTY 
Lime putty shall be Quicklime, thoroughly slaked and stored for one day; kept moist until used. 
 
2.10  INTEGRAL WATERPROOFING 
Integral waterproofing shall be aluminum stearate, ammonium stearate, or calcium stearate, 2-
percent of weight of cement; A. C. Horn “Hydratite”, Master Builders “Omicron 
Mortarproofing”, Sika “Red Label”, Sonneborn “Hydrocide”, or equal. 
 
2.11  WATER 
Water shall be clean and free from deleterious substances.   
 
2.12  REINFORCING STEEL 
Reinforcing steel shall conform to ASTM A615, Grade 40 for No. 5 and smaller and Grade 60 
for No. 6 and larger. 
 
2.13  POLYETHYLENE FILM 
Polyethylene Film shall conform to product standard PS17; 6 mils. 
 
2.14  WATER-RESISTANT PAPER 
Water-resistant paper shall be Fortifiber Corporation, “Sisalkraft” reinforced building 
construction paper or equal. 
 
2.15  MASONRY MORTAR 
Masonry mortar shall conform to ASTM C270, except as modified herein and shall be Type “M” 
or “S”.  Mortar shall be machine mixed on the job site for 3 to 5-minutes and shall be used 
within 90-minutes after mixing.  Mortar left on hand when work is stopped shall be discarded.  
No remixing of mortar more than 90-minutes old with additional water, cement, or other 
materials shall be permitted. 
 
No mixing off the job site, either complete or in part, will be allowed except for the lime putty 
which  may be mixed off the job site. 
 
Integral waterproofing shall be added to each mortar mix.  Mortar shall be colored as selected by 
Owner.  Mortar shall develop a 28-day compressive strength of not less than 2,000 pounds per 
square inch.   
 
2.16  CONCRETE GROUT 
Concrete grout for grouting reinforced masonry shall meet the requirements of ASTM C476. 
 
Only enough water shall be added to the mixture to produce a mixture which is flowable, but 
which will not show an excess of water when placed.  Unless otherwise specified, grout shall 
have a slump ranging from 4 to 5-inches.  Unless otherwise acceptable to the Engineer, grout 
shall be placed in lifts not exceeding 5-feet in height.  All cells shall be filled solidly with grout 
and vibrated during placement to assure a dense and homogeneous set.   

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075 04200-3 Concrete Masonry Units 



 

 
Between grout pours, a horizontal construction joint shall be formed by stopping the placement 
of grout a minimum of 1-1/2 inches below a mortar joint. Where bond beams occur, the grout 
pour shall be stopped a minimum of ½” below the top of the masonry.   
 
Vertical cells to be filled with grout shall have vertical alignment sufficient to maintain a clear, 
unobstructed continuous vertical cell measuring not less than 2-inches by 3-inches.  The grout in 
the cells shall have full contact with the concrete foundation.  Mortar, mortar droppings, or other 
materials that may prevent the grout from bonding directly to the concrete foundation shall be 
removed before the grouting operation begins.  After grout has been placed, it shall be 
consolidated twice by use of a mechanical immersion vibrator designed for this purpose to the 
full depth of the grout.  The first consolidation shall occur immediately after the cell has been 
fully grouted, the second consolidation shall occur a minimum of 30 minutes after the first 
consolidation. 
 
Vertical reinforcement shall be continuous without splice from foundation to top course and held 
in position using wire bar positioners at top and bottom, courses of wall and at the top course of 
the first grout pour.  At no time shall a bar exceed 200-diameters or 10-feet without positioning 
hardware.  Unless otherwise indicated in the construction documents, bars shall be held in 
position in the center of the cell.  
 
Horizontal reinforcing bars shall be spliced 24” minimum and adjacent splices occurring in same 
bond beam course shall be offset 36” min. Reinforcing bars shall be in place and approved by the 
Engineer of record before grouting shall begin. 
 
Grout shall attain a minimum compressive strength at 28-days of 2,000 psi.  Tests to verify 
compressive strength of grout in accordance with the UBC Standard No. 24-28 shall be 
performed by an independent testing laboratory approved by the Engineer of Record, at the 
Owner’s expense.   
 
PART 3 - EXECUTION 
 
3.01  MORTAR JOINTS 
Masonry shall be laid in straight, level, uniform courses with mortar joints of uniform width.  
Joint thickness shall be 3/8-inch with a variance of not more than 1/8-inch for both vertical and 
horizontal joints unless otherwise indicated on the Drawings. 
 
In laying up concrete block masonry, abutting surfaces of head joints shall be completely and 
solidly cemented together with mortar.  All hollow masonry units with horizontal cells, starter 
courses with vertical cells, and all units in masonry pilasters shall be laid on a full bed of mortar.   
 
The filling of masonry joints shall mean that the entire space between abutting surfaces of units 
is full, and that the body of the mortar is forced against and into the porous surface of each unit. 
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All exposed interior mortar joints shall be tooled to a smooth uniform surface and finished free 
from voids, using a rounded tool.  Mortar joints specified to be caulked shall be raked to a depth 
of ½-inch.  Tooling of joints shall be regulated so that the mortar for each wall space has a 
uniform appearance. 
 
3.02  BONDING AND REINFORCING 
Except where otherwise indicated on the Drawings, all masonry walls shall be laid in running 
bond.  All masonry shall be grouted solid and shall be reinforced and anchored in the manner 
indicated on the Drawings and specified herein. 
 
3.03  BOND BEAMS 
Bond beams shall be made up of special bond-beam block for accommodation of horizontal bar 
reinforcement.  Horizontal bar reinforcement shall be solidly grouted in place. 
 
3.04  LAYING MASONRY UNITS 
All masonry units shall be free from dust, dirt, and surface moisture when laid.  All masonry 
shall be laid to a line.  Walls shall be plumb and straight and in level courses.  At no time shall 
masonry construction at any point be more than 8-feet above adjacent work.  When work is 
suspended, the tops of exterior masonry walls shall be covered and protected from the weather.  
Care shall be taken in corner construction and at jambs to maintain uniformity of appearance and 
to ensure that only whole, undamaged units are used. 
 
3.05  CONTROL JOINTS 
Control joints shall be full height and continuous in appearance.  Bond beams and bond beam 
reinforcing bars shall be continuous through the control joint.  The control joint shall be caulked 
and shall be mortar joint in appearance.  Fill material for control joints shall be premolded, wide 
flange control joint filler as specified.  Caulking shall also be as specified elsewhere herein.  All 
joints shall be caulked to produce a weather tight structure.  Unless noted in the construction 
documents, control joints shall be placed at horizontal intervals not exceeding 1-1/2 wall height.  
 
3.06  COLD WEATHER CONSTRUCTION 
Cold weather construction provisions of ACI530.1/ASCE 6/TMS 602, Article 1.8C, shall be 
implemented when the ambient temperature is below 40-degrees F.   
 
3.07  HOT WEATHER CONSTRUCTION 
Hot weather construction provisions of ACI530.1/ASCE 6/TMS 602, Article 1.8D, shall be 
implemented when the ambient temperature exceeds 100 deg. F, or when the ambient 
temperature exceeds 90 deg. F with a wind velocity greater than 8 mph.  
 
3.08  CUTTING OF MASONRY UNITS 
Concrete masonry units shall be cut as required to form chases, for anchorage, or for other 
appurtenances.  All cutting and fitting of exposed block units shall be done with a power driven 
carborundum or diamond disc blade saw.  
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3.09  OPENINGS AND LINTELS 
Openings in masonry walls, unless indicated on the Drawings or specified otherwise, shall have 
lintels made up of like units (bond beam units) reinforced and filled solidly with grout to 
properly span the opening. 
 
Solid bottom bond beam block shall be used where the underside of lintel is exposed.  Contractor 
shall provide a minimum of 8-inches bearing at each end of lintel.  Unless noted in the 
construction documents, a minimum of 2 no. 4 reinforcing bars shall be placed in the bond beam 
blocks immediately above the opening and extend not less than 24-inches nor less than 40-bar 
diameters into the wall past the edge of the opening on each side.  At corners, Contractor shall 
provide a 90-degree bend with an equivalent total embedment. 
 
3.10  FINISH POINTING 
On completion of the work, all exposed masonry shall be pointed where necessary and all voids 
and holes in the mortar filled to match adjacent joint surfaces.  Defective joints shall be cut out 
and repointed with mortar.  Care shall be taken to produce a uniform overall appearance.  
Spottiness due to variation either in materials or workmanship will not be acceptable. 
 
3.11  PROTECTION FROM DAMAGE 
Where concrete is placed on top of previously constructed masonry, the masonry shall be 
protected from concrete splashing, spilling, and water penetration by polyethylene film or 
Sisalkraft paper placed on top of the masonry and extended down each side of the wall as 
required for adequate protection.  The protective covering shall be neatly trimmed away at face 
of wall after form removal. 
 
3.12  ANCHOR BOLTS 
Anchor bolts shall be placed according to the construction documents.  Anchor bolts shall be 
securely held in place by a template to assure precise alignment during grouting.  Cutting or 
reaming of members being anchored or other means of accommodating misaligned anchor bolts 
shall not be accepted. 
 
3.13  CLEANING 
Following finish pointing, all exposed masonry surfaces shall be carefully cleaned and all surface 
stains removed.  Mortar smears or droppings on concrete blocks shall be removed with a steel 
trowel.  Removal shall not be attempted until the smears or droppings have hardened to the 
extent necessary to prevent additional smearing of the surface during removal.  Mortar remaining 
after removal with the trowel shall be removed as much as possible by rubbing with a small 
piece of block.  All surfaces shall then be thoroughly brushed.   
 
3.14  ENCLOSURES 
Where concrete masonry is to enclose conduits, pipes, stacks, ducts, and similar items, chases, 
cavities, and similar spaces shall be constructed as required, whether indicated on the Drawings 
or not.  Openings around flush mounted electrical outlet boxes, including the flush joint above 
the box, shall be pointed with mortar.  No such work shall be covered until advised by the 
Engineer that the work has been inspected and tested.   
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3.15  PATCHING 
Patching of exposed concrete masonry units shall be done at the conclusion of the general work 
and shall be done so the patching will be indistinguishable from similar surroundings or 
adjoining work.  
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Concrete Masonry.  Payment for work in this Section 
shall be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 05500 - METAL FABRICATIONS 
  
 
 
PART 1 - GENERAL  
  
1.01  SCOPE  
This Section covers the work necessary to furnish and install metal fabrications, complete.  See 
Section 09900-PAINTING for additional requirements. 
   
1.02  SUBMITTALS  
 

   A. Shop Drawings 
 Submit shop Drawings prepared under supervision of a registered professional 

engineer, including complete details and schedules for fabrication and assembly of 
structural steel members, metal fabrications, procedures and diagrams. 

 
     1. For structural steel member, include details of cuts, connections, camber, 

holes, and other pertinent data.  Indicate welds by standard AWS A2.1 and 
A2.4 symbols, and show size, length, and type of each weld. 

 
     2. Provide setting Drawings, templates, and directions for installation of anchor 

bolts and other anchorages to be installed as work of other sections. 
 

3. Submit shop drawings and details of metal fabrications which show profiles, 
sizes, connection attachments, reinforcing, anchorage, size and type of 
fasteners, and accessories.  Include erection drawings, elevations, and details 
where applicable.  Indicate welded connections using standard AWS A2.0 
welding symbols.  Indicate net weld lengths. 

 
   B. Test Reports 

 Submit copies of reports of tests conducted on shop and field bolted and welded 
connections.  Include data on type(s) of tests conducted and test results. 

 
 1.03  QUALIFICATIONS FOR WELDING  
 Qualified welding processes and welding operators in accordance with AWS "Standard 

Qualification Procedure." 
 
   A. Submit certifications that welders to be employed in work have satisfactorily passed 

AWS qualification tests within the previous 12-months. 
 

B. If recertification of welders is required, retesting will be the Contractor's 
responsibility. 
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 1.04  DELIVERY, STORAGE AND HANDLING 
 Deliver materials to site at such intervals to insure uninterrupted progress of work.  Deliver 

anchor bolts and anchorage devices, which are to be embedded in cast-in-place concrete or 
masonry, in ample time to not delay work.  Store materials to permit easy access for inspection 
and identification.  Keep steel members off ground, using pallets, platforms, or other supports.  
Protect steel members and packaged materials from erosion and deterioration.  Do not store 
materials on structure in a manner that might cause distortion or damage to members or 
supporting structures as directed. 
 
PART 2 – MATERIALS 
 
2.01  METAL SURFACES, GENERAL 
For fabrication of work which will be exposed to view, use only materials which are smooth and 
free of surface blemishes including pitting, rust and scale seam marks, roller marks, rolled trade 
names and roughness.  Remove such blemishes by grinding, or by welding and grinding, prior to 
cleaning, treating and application of surface finishes. 
  
2.02  STEEL SECTIONS 
Steel sections shall conform to ASTM A36.  
  
2.03  STEEL TUBING 
Steel tubing shall conform to ASTM A500, Grade B. 
 
2.04  STEEL PIPE 
Steel pipe shall conform to ASTM A 53, Grade B. 
 
2.05  BOLTS, NUTS, AND WASHERS 
Bolts, nuts, and washers shall conform to ASTM A307 and shall be galvanized in accordance 
with ASTM A153 for galvanized components unless noted otherwise in the construction 
documents. 
  
2.06  WELDING MATERIALS 
Welding materials shall conform with AWS D1.1 and shall be the type required for materials 
being welded.  
 
2.07  HEADED STUD-TYPE SHEAR CONNECTORS 
Headed stud-type shear connectors shall conform to ASTM A 108 and shall be Grade 1015 or 
1020, cold finished carbon steel; with dimensions complying with AISC Specifications. 
 
2.08  ANCHOR BOLTS 
Anchor bolts shall conform to ASTM A307 and shall be nonheaded type unless otherwise 
indicated. 
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2.09  UNFINISHED THREADED FASTENERS 
Unfinished threaded fasteners shall conform to ASTM A307 and shall be Grade A, regular low-
carbon steel bolts and nuts.  Provide hexagonal heads and nuts for all connections. 
 
2.10  HIGH-STRENGTH THREADED FASTENERS 
High strength structural bolts, heavy hexagon nuts, and hardened washers shall be quenched and 
tempered, medium-carbon steel bolts, nuts and washers, complying with ASTM A325. 
 
2.11  SHOP AND TOUCH-UP PRIMER 
Shop and touch-up primer shall conform to SSPC 15, Type 1, red oxide, and Section 09900- 
PAINTING.  
 
2.12  TOUCH-UP PRIMER FOR GALVANIZED SURFACES 
Touch-up primer for galvanized surfaces shall conform to Section 09900-PAINTING. 
 
PART 3 - EXECUTION  
 
3.01  FABRICATION  
Fit and shop assemble fabrications in largest practical sections, for delivery to site.  Fabricate 
items with joints tightly fitted and secured.  Properly mark and match-mark materials for field 
assembly.  Fabricate for delivery sequence which will expedite erection and minimize field 
handling of materials. Continuously seal joined members by continuous welds.  Grind exposed 
joints flush and smooth with adjacent finish surface.  Make exposed joints butt tight, flush, and 
hairline.  Ease exposed edges to small uniform radius.  Supply components required for 
anchorage of fabrications. Fabricate anchors and related components of same material and finish 
as fabrication, except where specifically noted otherwise.  On all exposed mechanical fastenings 
flush countersink screws or bolts; unobtrusively located; consistent with design of component, 
except where specifically noted otherwise.   
  
3.02  EXAMINATION  
Verify that field conditions are acceptable and are ready to receive work.  Beginning of 
installation means erector accepts existing conditions.  
  
3.03  PREPARATION  
Clean and strip primed steel items to bare metal where site welding is required.  Supply items 
required to be cast into concrete with setting templates, to appropriate sections.  
 
3.04  FINISHES  
Finishes shall conform to Section 09900-PAINTING and the following: 
  

 A. Prepare surfaces to be primed in accordance with SSPC SP 2.  
  
  B. Clean surfaces of rust, scale, grease, and foreign matter prior to finishing.  
  
 C. Do not prime surfaces in direct contact with concrete or where field welding is 
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required.  
  

 D. Items to be painted shall be primed with two coats.   
 
 

 E. Galvanize in accordance with ASTM A123, structural steel members. Provide 
minimum 1.25 oz/sq ft galvanized coating.  

 
3.05  INSTALLATION  
 
 A. Install items plumb and level, accurately fitted, free from distortion or defects.  
  

 B. Allow for erection loads, and for sufficient temporary bracing to maintain true 
alignment until completion of erection and installation of permanent attachments.  

  
C. Field weld components indicated on Drawings.  
 

  D. Perform field welding in accordance with AWS D1.1.  
  

 E. Obtain approval of the Engineer prior to site cutting or making adjustments not 
scheduled.  

  
F. After erection, prime welds, abrasions, and surfaces not shop primed, except surfaces 

to be in contact with concrete.  
 
3.06  SETTING BASES AND BEARING PLATES 
Clean concrete and masonry bearing surfaces of bond-reducing materials and roughen to 
improve bond to surfaces.  Clean bottom surface of base and bearing plates. 
 
 A. Set loose and attach base plates and bearing plates for structural members on wedges 

or other adjusting devices. 
 
 B. Tighten anchor bolts after supported members have been positioned and plumbed.  

Do not remove wedges or shims, but if protruding, cut off flush with edge of base or 
bearing plate prior to packing with grout. 

 
 C. Pack grout solidly between bearing surfaces and bases or plates to ensure that no 

voids remain.  Finish exposed surfaces, protect installed materials, and allow to cure. 
 
 D. Comply with manufacturer's installation instructions for grouting. 
  
3.07  ERECTION TOLERANCES  
Maximum variation from plumb shall not exceed 1/4-inch.  Maximum offset from true alignment 
shall not exceed 1/4-inch.  
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3.08  DEFICIENCY CORRECTION 
Correct deficiencies in steel work which inspections have indicated to be not in compliance with 
requirements.  Perform additional tests, at Contractor's expense, as may be necessary to 
reconfirm any non-compliance of original work, and as may be necessary to show compliance of 
corrected work. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Metal Fabrications.  Payment for work in this Section 
shall be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 06100 - ROUGH CARPENTRY 
 
 

        
PART 1 - GENERAL 
 
1.01 SCOPE 
This Section covers the work necessary to furnish and install rough carpentry, including wood 
platform framing, plywood, sleepers, nailers, blocking, screeds, grounds, rough bucks, ledgers as 
required, rough hardware and fasteners, complete. 
   
1.02  REFERENCE SPECIFICATIONS 
Lumber, unless otherwise noted, shall be legible trade and grade marked, well seasoned S4S, 
coast region Douglas Fir, conforming to the applicable pattern, sizes and grades in the Standard 
Grading and Dressing Rules No. 16 of the West Coast Lumber Inspection Bureau.  Plywood, 
unless otherwise noted shall be identified with the DFPA grade trademark of the American 
Plywood Association and shall meet the requirements of the U.S. Product Standard PS 1 or PS 2. 
 
PART 2 - MATERIALS 
 
2.01  LUMBER 
 

A. Framing Lumber Grades 
Douglas Fir Larch North (DF) unless otherwise noted.  Lumber designated DF South 
by WWPA is not acceptable.  All lumber shall be new with no reuse except as 
permitted by Engineer.  Moisture content for lumber 2-inches and less in thickness 
shall average 19-percent or less at time of installation.  All 2-inch nominal lumber 
shall be not less than 1 1/2-inch thick.   

 
B. General Framing Lumber 

General framing lumber shall be No. 2 (DF) 2-inch x 4-inch nominal studs.  Light 
framing:  WCLB Paragraph 124b. 

  
C. 2x6 Studs,  Joists 
 No. 2 (DF) 2-inch x 6-inch nominal studs, joists, planks:  WCLB Paragraph 123b. 
 

2.02  PLYWOOD 
Roof structural sheathing shall be Structural 1 rated exterior glue conforming to U.S. Products 
Standard PS 1-83 or C-D Interior with exterior glue in conformance with PS 1-74.  Thickness 
and type as indicated on the Drawings. 
 
2.03  PRESSURE-TREATED LUMBER 
Koppers WOLMANIZED LUMBER or Osmose K-33 PRESSURE PRESERVED WOOD 
conforming to American Wood Preservers Bureau Standard LP-2 for normal exposure and FDN 
for foundation material in the ground. 
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2.04  ROUGH HARDWARE 
Furnish all items of rough hardware, connections to metal studs, bolts, etc., required to complete 
the work.  Bolts, nuts and washers shall be hot-dipped galvanized, conforming to ASTM A-153.  
Washers shall be malleable iron.  Hardware for attaching blocking to metal studs shall also be 
galvanized. 
 

A. Nails 
 Common wire nails or spikes conforming to UBC Table 2304.9.1 and Federal 

Specification FF-N-101.  Use galvanized nails for all exposed framing. 
 
B. Bolts 
 Standard mild steel, hexagonal head machine bolts with matching nuts and malleable 

iron or steel plate washers. 
 
C. Lag Bolts and Screws 
 Conform to Federal Specification FF-B-561B, of sizes shown or noted on Drawings. 
 
D. Toggle Bolts 
 Galvanized conforming to Federal Specification FF-B-588B (2), of sizes shown or 

noted on Drawings. 
 
E. Concrete Anchors 
 Anchors shall be Wedge type concrete anchors with sizes as noted on the Drawings.  

Do not use expansion bolts or anchors where other type anchors are shown or noted 
on the Drawings. 

 
F. Power-Driven Fasteners 
 Power-Driven fasteners shall not be used except with prior acceptance from the 

Engineer in writing. 
 
G. Framing Anchors 
 Timber Fasteners, Inc., Universal Anchors Co., Simpson Company, or equivalent, 

galvanized framing connectors and joist hangers as detailed, not less than 26-gauge 
(USS) before galvanizing having minimum design and load capacity equal to the 
Simpson Company product noted on Drawings. 

 
2.05  BUILDING PAPER 
Building paper shall conform to "Federal Specification UU B 790a," dated February 5, 1968. 
 
2.06  WOOD PRESERVATIVE 
Wood preservative shall conform to "Standard P 5," of the American Wood Preservers Institute, 
or as noted on the Drawings. 
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PART 3 - EXECUTION 
 
3.01  GENERAL 
Grade mark and mill identification of association having jurisdiction shall appear, distinctly 
legible, on each piece of lumber and plywood.  Install all wood framing, making proper 
provisions for work of other trades.  Do all cutting of wood required to accommodate placing 
heating and ventilating, electrical, and other trades.  Fit neatly around all exposed items, such as 
outlet boxes, conduit, pipes and ducts. 
 
3.02  PRODUCT HANDLING 
Store and handle materials in a manner to prevent deterioration, intrusion of foreign matter, or 
damage and immediately remove from premises any materials evidencing such and replace with 
new material. 
 
3.03  STORAGE OF MATERIALS 
Carefully pile lumber off the ground in a manner to insure proper drainage, ventilation, and 
protection from weather.  Store plywood and materials under cover. 
 
3.04  LAYING OUT WORK 
Before commencing work, check all lines and levels indicated and such other work as has been 
completed.  Should there be any discrepancies, report same in writing to the Engineer for 
correction or adjustment.  In event of failure to do so, Contractor shall be responsible for 
correction of any errors. 
 
3.05  ITEMS BUILT INTO CONCRETE 
Furnish anchor bolts as indicated in the construction documents or otherwise required to attach 
wood plates, nailers and ledgers to concrete.  Bolts to be ½-inch minimum diameter, threaded 
one end with 1-½ inch right angle bend opposite end.  See Drawings for exact size and 
embedment.  Deliver anchors bolts to the site promptly to be built in as work progresses. 
 
3.06  WORKMANSHIP 
Work shall be accurately constructed square, true, to required levels and lines, and adequately 
fastened and anchored to produce sturdy, rigid system of sufficient strength to support the loads. 
 
3.07  PRESSURE-TREATED LUMBER 
Lumber to be in contact with ground concrete shall be pressure-treated lumber as specified 
herein.  Lumber shall be fabricated insofar as possible before treatment.  Where lumber is cut 
after treating, brush the surface with two coats of preservative.  Lumber shall be dried to 
moisture content of not more than 19-percent after treatment.  
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3.08  SILLS 
Bed in wet concrete to obtain a continuous bearing.  Size all plates or sills and set level and true 
to line.  Bolt down with bolts of size, length, and spacing indicated with a bolt not more than 9-
inches from the end of any piece. 
 
 
3.09  PLATES 
Plates for partitions and walls shall be single at bottom and double at top, except as otherwise 
detailed.  Splices in top plates shall be staggered not less than 48-inches unless noted otherwise 
on Drawings.  Where plates are cut for passing pipes and similar items, they shall be reinforced 
on both sides with 1/8 x 3 x 18 inch steel plates punched for 10d nails approximately 3-inches on 
center, staggered. 
 
3.10  POWER DRIVEN FASTENERS 
Where power driven anchors are acceptable for use, plates anchored to concrete floor shall be 
attached with pins not over 2-feet on center.  All vertical furring shall be attached to concrete 
with pins not over 4-feet on center.  Each pin shall penetrate the concrete to a minimum of 1 ½-
inches.  Use washers with all pins.  There shall be a minimum of 2 anchors for each member. 
 
3.11  STUDDING 
Furnish and set all columns and studding of size, center, and locations indicated on Drawings.  
Unless noted otherwise, studding for furring and partitions shall be 2 x 4-inches set 16-inches on-
center.  Plates on concrete floors shall be attached to the slab by anchor bolts or power driven 
fasteners where acceptable.  Cripples shall run to the floor plates.  Studs against concrete shall be 
anchored as described above.  Studding over 8-feet tall shall be bridged at half height with 
herringbone bridging, double-nailed at each end. 
 
3.12  JOISTS 
 

A. Joists shall be set with crowning edge up.  Where openings occur headers and 
supporting joists shall be doubled or tripled, provided as the case may be, and header 
and tail joists shall be hung on metal hangers.  Joists abutting concrete shall be 
anchored as indicated on Drawings. 

 
B. Solid blocking shall be at ends and over supports.  Cross-bridging or solid blocking in 

spans shall be at midspan or as shown on Drawings. 
 
C. Include furring or stripping, properly shimmed and leveled, where shown or required 

for ceiling finishes. 
  
3.13  FURRING,  BLOCKING AND BACKING 
Furring, blocking and backing shall be furnished and installed where required for reception of 
wallboard, formation of architectural features, concealment of pipes, conduits, ducts, attachment 
of supports for toilet room accessories, building specialties, and other fixtures.  Contractor shall 
consult with the trades concerned and set furring and blocking they require.  Include fire-
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retardant treated wood blocking for plaster and drywall partitions and walls where shown or 
required. 
 
3.14  GROUND AND NAILING STRIPS 
Dressed wood ground shall be furnished and installed as indicated or required for the attachment 
of finish materials to wood, concrete, masonry or other surfaces. 
 
3.15  FRAMING OF OPENINGS 
Openings shall be provided for mechanical and electrical equipment, ducts, etc.  Where one or 
more joists are cut, the joists supporting the trimmers shall be double and well spiked unless 
otherwise shown on Drawings.  Where continuation of three or more joists is interrupted, the 
abutting headers and joist hangers shall be as shown on the Drawings. 
 
3.16  FIRE BLOCKING 
Fire blocking shall be installed where required by the Uniform Building Code or other applicable 
code. 
 
3.17  FRAMES FOR CABINETS 
Frame all openings in walls required for the installation of cabinets and other items, including 
telephone and electrical terminals. 
 
3.18  PLYWOOD SHEATHING 
Install plywood with long dimension perpendicular to supports, studs, or joists.  Install all roof 
sheathing as shown on Drawings.  Sheathing shall have solid bearing under all edges and sheets 
shall be laid up with tight joint.  Check sheathing on horizontal surfaces carefully as soon as it is 
laid to determine its adequacy to support workmen and the normal loads, which it will receive.  
Protect sheathing from weather until siding or roofing is installed by applying building paper or 
polyethylene sheeting.  Where underside of sheathing is to be left exposed, apply plywood with 
best face down. 
 
3.19  LUMBER FASTENINGS 
Nailing and bolting of wood members shall conform to the minimum requirements of the latest 
edition of the Uniform Building Code, and as specified herein and shown on the Drawings. 
 

A. Bolting 
 All bolted connections shall be retightened before final acceptance or,  in the case of 

bolted connections in concealed locations,  immediately before the area is sealed off. 
 
B. Nailing 
 Conform to the nailing schedule on the Drawings.  Connectors shall be as called for 

on the Drawings, all fabricated by an accepted manufacturer's published instruction.  
Nails shall be untreated steel for interior work on concealed framing, and galvanized 
for all exposed work on exterior.  Unless connectors are detailed or steel connectors 
indicated, nails shall not be driven closer together than 1/2 of their length nor closer 
to the edge of a member than 1/4 their length.  When wood tends to split with size of 
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nail used, pre-drill holes for nails.  Penetration of nails or spikes into pieces shall not 
be less than one-half the length of the nail or spike. 

 
C. Washers 
 Provide all bolts and lag screws bearing on wood with washers of sizes indicated 

under heads and nuts, except that cut washers shall be used where shown on the 
structural Drawings. 

D. Framing Anchors, Connectors, and Hangers 
 See Drawings for required sizes and types. 

 
3.20  ROUGH HARDWARE 
Furnish and install all stock items of rough hardware as indicated or required, including clips, 
anchors, hangers, bolts, ties, and plates for connecting wood framing members to wood, 
concrete, masonry, or steel, except as specified to be provided under other sections. 
 
Expansion bolts at locations indicated on Drawings shall be carefully installed in snug fitting 
smoothly drilled holes, all in accordance with the manufacturer's written instructions.  Expansion 
bolts shall be installed so that the load acts on the bolts in shear rather than withdrawal.  
Expansion bolts shall be carefully located in order to eliminate the risk of damage to concrete, 
steel reinforcement, and other embedded items.  Expansion bolts shall not be used except where 
first accepted by the Engineer in writing. 
 
3.21  REMOVAL OF EXCESS MATERIAL 
Remove excess debris as it accumulates.  Do not store or permit debris to accumulate on the site.  
If Contractor fails to remove excess debris promptly, Engineer reserves right to remove debris at 
Contractor’s expense.  Burning will not be allowed. 
 
3.22  CLEANING UP 
Upon completion of Work remove materials, equipment, apparatus, tools and the like and leave 
premises clean, neat and orderly. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Rough Carpentry.  Payment for work in this Section shall 
be included as part of the applicable Lump Sum or unit prices stated in other Sections. 
 
 

-END OF SECTION- 
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 SECTION 06170 - PREFABRICATED WOOD TRUSSES 
 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to furnish and install prefabricated wood roof trusses, 
including connectors, complete, See Section 06100-ROUGH CARPENTRY for additional 
requirements. 
 
1.02  QUALITY ASSURANCE 
 

A. Acceptable Manufacturers 
Prefabricated wood trusses shall be "Gang-Nail" wood trusses as designed by Automated 
Building Components, Inc. and fabricated by Truscom Roof and Floor Systems, North 
Highlands, California.  Other designers/fabricators with products equal to these standards 
in all respects may be used. 

 
B. Installers Qualifications 

Installation shall be by manufacturer's authorized representative who is normally 
engaged in this business, employing skilled mechanics thoroughly trained and 
experienced in the type of installation required, and are completely familiar with the 
requirements of the work specified herein. 

 
C. Reference Specifications 

The design and fabrication criteria of all wood trusses shall meet with the "National 
Design Specifications for Stress-Grade Lumber and Its Fastenings" by National Forest 
Products Association (latest revision); "Timber Construction Standards" by American 
Institute of Timber Construction (latest revision); and "Design Specifications for Light 
Metal Plate Connected Wood Trusses" by Truss Plate Institute (latest revision), the same 
as if those specifications and all their references were set out in full herein. 

 
D. Professional Engineer 

All truss designs shall bear the name and seal and/or registration number of a registered 
Civil or Structural Engineer licensed in the State of California. 

 
1.03  SUBMITTALS  
 

A. Engineering Drawings and Shop Drawings 
Submit the truss design and/or shop drawings for approval prior to the fabrication of any 
components.  Truss designs shall contain the following information: 

 
1. Pitch, span, dimensions and spacing of truss. 
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2. Truss bearing sizes and locations. 
3. Design loading of truss and allowable stress increase. 
4. Axial forces in each truss member. 
5. Nominal sizes and location of connector plates at all joints. 
6. Size, species and stress of grade of lumber for all truss members. 
7. Camber. 
8. Permanent lateral bracing as required by design to reduce buckling length of 

individual members only. 
9. Handling and erection recommendations. 

 
B.  Fabricator's Certification  

Contractor shall submit fabricator=s certification that the products are precision 
fabricated to the specified design fabrication standards. 

 
1.04  PRODUCT DELIVERY, STORAGE AND HANDLING 
Fabricated trusses and subcomponents shall be so handled and stored that they are not subject to 
damage.  If the trusses are to be stockpiled prior to erection, sufficient bearing points and/or bracing 
shall be provided to prevent excessive lateral bending or tipping over.  All damaged trusses, which 
cannot be satisfactorily repaired to the satisfaction of the Engineer, shall be replaced at no additional 
cost to the Owner. 
 
PART 2 - MATERIALS 
 
2.01  MATERIALS 
 

A. Lumber 
All lumber used for truss members shall conform to the published stress ratings for the 
species and grades as set out in the official grading rules of the appropriate lumber 
association or as listed in the reference specifications, except wherever this specification, 
or notes on the Drawings or truss engineering design calls for lumber which exceeds the 
minimum set forth in the reference specification. 

 
1. At the time of fabrication, the moisture content of all lumber shall be within 

proper limits, as stated in the reference specifications. 
 

2. All lumber shall conform to the species and fully recognized nominal sizes 
shown on the Drawings or truss engineering designs.  All members shall be cut 
from lumber bearing the proper grade-mark stamps of a recognized grading 
association or licensed lumber inspection agency. No lumber shall be used which 
does not appear to conform to proper dimensions and/or grades. 

 
B. Truss Connector Plates 

All truss connector plates shall be manufactured from ASTM A446, Grade A prime 
commercial quality galvanized sheer steel or no less than 20 gauge thickness which has a 
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minimum yield of 33,000 psi and a minimum ultimate tensile strength of 45,000 psi.  The 
corrosion resistant coating shall be ASTM A 525, "Specification for Steel Sheet, Zinc-
Coated (Galvanized) by the Hot-Dip Process, General Requirements", Coating 
Designation G90 or G60, or ASTM A591,, "Standard Specifications for Electrolytic Zinc 
Coated Steel Sheets", Coating Class C, or such treatment as will give equivalent 
corrosion protection.  This protective coating may be applied to the sheet steel before the 
connector plates are stamped out; it is not necessary to recoat the connectors after the 
stamping operation.  All metal connectors shall be Gang-Nail Connectors and shall be 
marked "Gang-Nail".  Connectors shall have a series of nail-like projections that are 
designed to separate the fibers of the wood into which they are pressed, in accordance 
with accepted nailing practices.  All connector plated truss joints shall be designed using 
the plating method as set forth in TPI Standards.  Where field assembly of truss 
subcomponents is necessary, the connections shall be in accordance with the details 
shown on the truss design drawings and approved by a Professional Engineer. 

 
2.02  FABRICATION 
 

A. All trusses and other roof structural components shall be fabricated in a properly 
equipped manufacturing facility of a permanent nature.  They shall be manufactured by 
experienced workmen, using precision cutting and truss fabricating equipment, under the 
direct supervision of a qualified foreman. All trusses shall be fabricated under strict rules 
of inspection and quality control as the local code may require, open to the inspection of 
the Engineer or their representative at all times. 

 
B. All truss members shall be accurately cut to length, angle and be true to line to assure 

tight joints for finished truss. 
 

C. All truss members and connector plates shall be properly placed in special jigs and the 
members tightly clamped in place, remaining in that position until connector plates have 
been pressed into the lumber simultaneously on both sides of the joints. 

 
D. Camber shall be built into the trusses, as noted on the engineering truss designs, by 

properly positioning the members into the fabricating jig. 
 

E. Each truss shall be stamped with the name and address of the Gang-Nail Truss 
manufacturer. 

 
PART 3 - EXECUTION 
 
3.01  INSPECTION 
Verify that framing to receive trusses is constructed true, free of irregularities and debris.  Do not 
proceed with installation until unsatisfactory conditions are corrected. 
 
 

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075 06170-3 Prefabricated Wood Trusses 



 

3.02  ERECTION 
 

A. Framing anchors and/or truss hangers shall be provided by the Contractor in accordance 
with the Drawings. 

B. Field erection of the trusses, including items such as proper handling, safety precautions, 
temporary bracing to prevent toppling or dominoing of the trusses during erection, and 
any other safeguards or procedures consistent with good workmanship and good building 
practices, shall be the responsibility of the Contractor. 

 
C. During the entire construction period, the contractor shall provide means for adequate 

distribution of concentrated loads so that the carrying capacity of any one truss and/or 
other component is not exceeded. 

 
D. Proper erection bracing shall be installed to hold the trusses true and plumb and in a safe 

condition until permanent truss bracing and bridging can be solidly nailed in place to 
form a structurally sound roof framing system. All erection and permanent bracing shall 
be installed and all components permanently fastened before the application of any loads. 

 
E. The permanent structural cross-bracing to ensure the overall rigidity of the roof system, 

shall be in accordance with the Drawings. 
  
PART 4 - MEASUREMENT AND PAYMENT 
  
No separate payment will be made for Prefabricated Wood Trusses.  Payment for work in this 
Section shall be included as part of the applicable Lump Sum or Unit Prices stated in other 
Sections. 
 
 

-END OF SECTION- 
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 SECTION  06600 – FIBERGLASS GRATING 
 
    
 
PART 1 - GENERAL 
      
1.01  SCOPE 
This Section covers the work necessary to furnish and install fiberglass grating and associated 
appurtenances, complete. 
 
1.02  SUBMITTALS  
Contractor shall submit shop drawings, specifications and data for the fiberglass grating and 
support systems and all material to be supplied.  Submittal information shall include the grate 
thickness, mesh size, resin system, loading and deflection data, and data showing conformance 
with applicable ASTM specifications. 
 
PART 2 - MATERIALS  
 
2.01  MOLDED GRATING 
Molded fiberglass grating shall be made in one-piece construction by interweaving continuous 
thoroughly wetted fiberglass strand with a corrosion resistant Vinyl Ester resin system with 
ultraviolet (UV) inhibitors.  Grating shall be a minimum of 2-inches thick and 2-inches square 
mesh designed to support a minimum of 200-pounds per square foot uniform load with 
deflection not to exceed 0.250 inches, and shall be the manufacturers standard color.  Surface 
shall be concave top.  Grating shall be McNichols Fibergrate, Strongwell Duragrate, Gridwalk 
High Strength Molded Grating, or approved equal. 
 
2.02  FASTENERS 
All fasteners including clips, bolts, nuts and washers shall be type 316 stainless steel grating 
clips. 
 
2.03  GRATING SUPPORTS 
Grating supports shall be constructed of fiberglass with a corrosion resistant Vinyl Ester resin 
system conforming to ASTM E-84 Class 1 and ASTM D-635. 
 
PART 3 - EXECUTION  
 
3.01 FIELD FABRICATION  
Contractor shall use a heavy-duty rotary saw with either a masonry carbide or diamond coated 
blade with the panel turned bottom-side up.  All cut edges shall be ground smooth using a coarse 
grit open coated (resin) grinding disk.  All cut surfaces shall be coated with a light coating of a 
two-part resin system or a urethane spray paint to prevent corrosion of glass fibers.  Safety 
precautions shall be taken when cutting fiberglass materials including safety goggles, dust mask, 
and gloves to protect the eyes, reduce dust inhalation and prevent skin irritation. 
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3.02  PANEL INSTALLATION 
Panels shall be supported on all sides and attached to the supporting framework with hold down 
clips.  A minimum of four clips per side are required for full size panels.  Use end panel clips to 
unite two adjacent panels, where panels cannot be supported on all sides.    
       
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Fiberglass Units.  Payment for work in this Section shall 
be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
    
 

-END OF SECTION- 
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SECTION 07410 - PREFORMED RIBBED METAL ROOFING  
 
 
 
PART 1 - GENERAL 

 
1.01  SCOPE 
This Section covers the work necessary to furnish and install all preformed metal roofing, and all 
accessories needed to form the roof and make it weather tight as specified and as shown on the 
Drawings, complete. 
 
1.02  SUBMITTALS 
Contractor shall make the following submittals. 
 
 A.  Samples: 
 
   1. Prior to ordering products, submit manufacturer's standard color samples for 

Owner’s selection. 
 
   2. Prior to starting work, submit two (2), 12 x 16-inch panel samples showing 

shape and color for Engineer’s and Owner’s acceptance. 
 
 B. Manufacturer's Installation Instructions 
   
 C. Manufacturer's Maintenance Instructions 
 
1.03  QUALITY ASSURANCE 
 

A. Contractor shall have two years or more of successful experience in installation of 
preformed roof panels similar to requirements for this project. 

 
 B. Comply with Building Code Requirements. 
 
 C. UL90 Tested and certified system for wind-up lift. 
   

  D. Panel (without insulation) shall be tested and in compliance with to meet ASTM E 
283-73 for air infiltration.    

 
E. Panel shall be tested and in compliance with ASTM E 331-70 for water penetration. 

 
1.04  WARRANTY 
 
 A. Manufacturer's Product Warranty  

Warrant for twenty (20) years, following project delivery date, that panels will not 
rupture, fail structurally, or perforate. 
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 B. Contractor's Warranty  

Warrant panels, flashing, sealants, fasteners, and accessories against defective 
materials and/or workmanship, to remain watertight and weatherproof with normal 
usage for two (2) years following project substantial completion date, and to repair or 
replace without additional cost to the Owner, any leaks and resulting damage to other 
materials and building contents as may occur. 

 
PART 2 - MATERIALS 
 
2.01  APPROVED MANUFACTURER 
 
 A. Preformed metal roofing designation and details indicating standards of a particular 

manufacture shall not be construed to limit competition.  Preformed metal roofing 
panels manufactured by AEP SPAN have been designated.  Products of other 
manufacturers conforming to the Drawings and Specifications shall be subject to the 
approval of the Engineer. 

 
 B. Panel Designation for Roof: Design Span 12-inches, 24-gauge. 
 
 C. The pattern, finish and color of the preformed metal roofing shall be selected by the 

Owner. 
 
2.02 PANELS 
 
 A. Base Metal 

1. Material:  Steel 
   2. Manufacturing Standard:  ASTM A-792, Grade C 

 3. Minimum Yield Strength:  40,000 psi. 
 4. Thickness:  24 gauge. 

   5. Protective Coating:  Zincaluma. 
 6. Protective Coating Components: 

     a. Zinc = 45% 
  b. Aluminum Allow = 55% 

 7. Protective Coating Thickness:  1.9 mils. 
 
 B. Configuration   

 1. Pattern:  As called out on Drawings. 
 2. Rib Spacing:  12 inches O.C. 
 3. Rib Height:  1-3/4 inches. 
 4. Normal Panel Width:  12 inches. 
 5. Panel Length:  Length to span over three supports whenever possible. 

  
 C. Exterior Finish  

 1. Primer Coat Material:  Baked-on Epoxy Primer. 
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 2. Minimum Primer Coat dry film thickness:  0.2 MILS. 
   3. Finish Coat Material:  Baked-on Silicone modified Polyester Enamel. 

 4. Minimum Finish Coat dry film thickness:  0.8 mils. 
 5. Minimum total Exterior Coat dry film thickness:  1.0 mils. 
 6. Color:  To be selected by Owner. 

 
 D. Interior Finish 

 1. Primer Coat Material:  Baked-on Epoxy Primer. 
 2. Minimum Primer Coat dry film thickness:  0.15 mils 
 3. Finish Coat Material:  Polyester Paint. 
 4. Minimum Finish Coat dry film thickness:  0.35 mils. 
 5. Minimum total Interior Finish dry film thickness:  0.50 mils. 

   6. Color:  Off-White. 
 
2.03  PANEL PENETRATION FLASHING 
Panel penetration flashing shall be recommended by Panel Manufacturer.  Satisfy conditions of 
use. 
  
2.04  ALL OTHER FLASHING 
Do not use lead or copper. 
 
2.05  FASTENERS 
Sheet metal screws with neoprene washer #10 x 5/8" at 12-inches on center. 
 
2.06  END CLOSURES 
End closures shall be waterproof, laminated, semi-rigid, cross-linked, polyethylene foam and 
shall tightly fit panel configurations. 
 
2.07  SEALANT COMPOUND 
Sealant compound shall be Norton V730, Geocel Construction 2,000, or approved equal. 
 
2.08  SEALANT TAPE 
 

 A. Manufacturer and Brand 
  Recommended by panel manufacturer. 
 

 B. Material 
  Low-density, Polyvinyl Chloride Foam Sealant. 

  
 C. Thickness 

  5/32-inch. 
  

 D. Width  
  1/4-inch. 
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 E. Adhesive 
  One-side only. 
 
2.09  FLASHING  AND TRIM 
Flashing and trim for weathertightness and appearance shall be furnished by the preformed roof 
panel manufacturer and be of a gauge adequate for installation involved, as detailed on approved 
shop drawings.  Finish shall match that of the roof panel. 
 
2.10  ACCESSORIES 
Provide all required accessories for complete, secure, and waterproof installation. 
 
2.11  FABRICATION 
 

 A. Unless otherwise shown on Drawings or specified herein, fabricate panels in 
continuous one-piece lengths and fabricate flashings and accessories in longest 
practicable lengths. 

 
 B. At Roofing Panels upper ends:  Turn up at least 1-1/2 inches under flashing. 

 
 C. At Roofing Panel lower ends:  Turn down at least 1-1/2 inches where exposed. 

 
PART 3 - EXECUTION 
 
3.01  PRODUCT DELIVERY,  STORAGE,  AND HANDLING 
 

A. Product Delivery  
 

   1. Keep panels dry. 
 

 B. Product Storage and Handling 
 

  1. Protect against damage and discoloration. 
 

  2. Handle panels with non-marring slings. 
 

  3. Do not bend panels. 
 

  4. Store panels above ground, with one end elevated for drainage. 
 

  5. Protect panels against standing water and condensation between adjacent 
surfaces. 

 
6. If panels become wet, immediately separate sheets, wipe dry with clean cloth, 

and separate sheets for air-drying. 
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3.02  INSPECTION 
 

 A. Existing Conditions 
 

  1. Verify that members to receive panels are complete, accurately sized and 
located, in true plane, secure, and otherwise properly prepared. 

 
  2. Prior to starting work, notify Engineer about defects requiring correction. 

 
  3. Do not start work if conditions are unsatisfactory. 

 
3.03  PREPARATION  
 
 A. Field Measurement 
 
   1. Verify prior to fabrication. 
 

  2. If field measurements differ slightly from Drawing dimensions, modify work 
as required for accurate fit.  If measurements differ substantially, notify 
Engineer prior to fabrication. 

 
 B. Protection 

  
  1. Treat any contacting surfaces of dissimilar materials to prevent electrolytic 

corrosion. 
 

  2. Require workman who will be walking on roofing panels to wear clean, soft-
soled shoes that will not pick-up stones or other abrasive material which could 
damage panel surfaces. 

 
  3. Protect work of other trades against damage and discoloration caused by work 

of this Section. 
 
 C. Surface Preparation 
 

  1. At structural steel members thicker than 0.2-inches,  provide 0.17-inch 
diameter predrilled pilot holes where necessary to receive fasteners. 

 
  2. Clean and dry surfaces prior to applying joint sealant. 
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3.04  INSTALLATION 
 
 A. Panels 
 

  1. Follow Manufacturer's directions.   
 
   2. Locate fasteners 12-inches on center. 
 

  3. Install panel ribs vertically. 
 

  4. Lap panel ribs away from prevailing wind direction. 
 

  5. Prior to installing panel, apply sealant compound bead or sealant tape on 
underside of female ribs. 

 
  6. Secure panels without warp or defect. 

 
   7. Fully engage interlocking ribs. 
 

 B. Allowable Erection Tolerance 
 
   1. Maximum alignment variation = ¼-inch in 40-feet. 
 
 C. Flashing 
 

  1. Follow Manufacturer's direction. 
 
   2. Overlap panels at least 6-inches. 
 

  3. At flashing running perpendicular to panel ribs notch and fold down flashing 
into space between ribs. 

 
 D. Cutting and Fitting 
 

  1. Neat, square, and true.  Torch-cutting prohibited where cut exposed to final 
view. 

 
  2. Openings 6-inches and larger in any direction:  Shop fabricate and reinforce to 

maintain original load capacity. 
 

  3. Openings less than 6-inches in largest dimension:  Made by trade requiring 
opening. 
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E. Touch-Up 
 

  1. Touch-up damaged paint surfaces with same paint used in shop.  Apply in 
accordance with paint manufacturer's direction. 

 
 F. Cleaning and Repairing 
 

  1. At completion of each day's work and at work completion, sweep panels, 
flashing and gutters clean.  Do not allow fasteners, cuttings, fillings or scraps 
to accumulate on finish surfaces. 

 
  2. Including work of other Sections, clean, repair, and touch-up or replace when 

directed, products which have been soiled, discolored or damaged by work of 
this Section. 

 
  3. Remove debris from Project Site upon work completion or sooner, if directed. 

 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Preformed Ribbed Metal Roofing.  Payment for work in 
this Section shall be including as part of the applicable Lump Sum or unit prices stated in other 
Sections. 
 
 

-END OF SECTION- 
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SECTION 07900 – JOINT SEALANTS 
 
 
 
PART 1 – GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to seal all joints that will permit penetration of dust, air, 
or moisture. 
 
1.02  SUBMITTALS 
Submit the following items in accordance with Section - 01330 PROJECT RECORDS AND 
SUBMITTALS. 
 

A.  Manufacturer’s installation and surface preparation instructions.  
 
B.  Manufacturer’s recommendations for joint cleaner, primer, backer rod, tooling and 

bond breaker. 
 
C. Certification from sealant manufacturer the stated product being used is 

recommended for and best suited for joint in which it is being applied. 
 
D.  Certification stating the proposed materials meet the requirements of the Specification 

and referenced standards. 
 
E.   Indicate where each product is to be used. 
 

1.03  ENVIRONMENTAL REQUIREMENTS 
Ambient temperature shall be between 40 and 80 degrees F (4 and 27 degrees C) when sealant is 
applied. Consult manufacturer when sealant cannot be applied within these temperature ranges. 
 
1.04  DELIVERY, STORAGE, AND HANDLING  
Deliver material in manufacturer’s original unopened container with labels intact.  Labels shall 
indicate contents and expiration date on material.  
 
1.05  WARRANTY 
Sealant work shall be free from defects for a period of three (3) years from date of Final 
Acceptance.  Contractor shall remove any defective work or material and replace them with new 
work and materials.  The warranty shall be signed jointly by the Contractor and the sealant 
manufacturer. 
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PART 2 – MATERIALS 
 
2.01  SEALANT MATERIALS 
Sealants shall be uniform, homogenous, and free from lumps, skins and coarse particles when 
mixed.  Sealants shall be non-staining and non-bleeding with a Hardness of 15 minimum and 50 
maximum, as measured by ASTM C661 method.  Non-sagging sealant shall be used for vertical 
and overhead horizontal joints and self-leveling pedestrian/traffic grade sealant shall be used for 
horizontal joints.   
 
Sealant color shall match the color of the principal wall material adjoining the area of 
application. 
 
 A. Type 1 – Immersible (Polyurethane) 

Immersible sealant shall be capable of being continuously immersed in water and 
shall be a single-component, moisture curing, polyurethane based sealant conforming 
to ASTM C920, Type S, Grade NS, or P, Class 25.  Non-sag sealant shall be Sika 
Chemical Corp.; Sikaflex-1a., Mameco International; Vulkem 116, or approved 
equal.  Self-Leveling sealants shall be Sonneborn; Sonolastic SL-1, Mameco 
International; Vulkem 45, or approved equal. 
 

B. Type 2 – Sanitary Sealant (Silicone) 
 Silicone sealant shall be one-component and shall be formulated to resist mold 

growth and repeated exposure to high humidity while retaining adhesion, flexibility, 
and color.  Sealant shall meet the requirements of ASTM C920, Type S, Grade NS, 
Class 25, Use NT, G,A, O.  Sanitary sealant shall be Dow Corning; 786, General 
Electric; Sanitary Sealant, or approved equal. 
 

C.  Type 3 – Fire Penetration Sealant 
Fire penetration sealant shall be Dow Corning Corp.; Fire Stop Sealant or Foam, 3M 
Corp.; Fire Barrier Caulk CP25 and Putty 303, General Electric; Pensil Sealant or 
Foam, The Carborundum Co.; Fyre Putty, Hilti Construction Chemicals; CS240, or 
approved equal. 
 

D. Type 4 – Joint Filler (Polyurea) 
 Joint filler shall be two-component, semi-rigid material and shall conform to ACI 

302.1R.  Color shall be gray.  Joint filler shall be Euclid Chemical Co.; EUCO QWIK 
joint, L & M Construction Chemical; Joint Tite 750, Sonneborn; TF-100 control joint 
filler, or approved equal. 

 
E.  Type 5 –Rubber Sealant (Polysulfide) 
 Polysulfide rubber sealant shall be one or two-components and shall meet the 

requirements of ASTM C920.  Sealant shall be Pecora; GC-5, GC-9, Sonneborn; 
Sonoclastic – two-part polysulfide sealant, Morton Polymer Systems; Thiokil 
Sealants, or approved equal. 
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2.02  BACKUP MATERIAL 
Backup material shall be nongassing, extruded, closed-cell round polyethylene foam rod, 
compatible with sealant used, and as recommended by sealant manufacturer.  Size shall be as 
recommended by sealant material manufacturer. Provide for joints greater than 3/16-inch wide.  
Back up material shall be Haveg Industries; Minicel, Dow Corning; Ethafoam SB, Sonneborn; 
Sonofoam, Hercules, Inc.; HBR, or approved equal. 
2.03  AUXILIARY MATERIALS 
 
 A. Bond Breaker 
  Bond breaker shall be pressure sensitive tape as recommended by sealant 

manufacturer to suit application. 
 
 B. Joint Cleaner  

Joint cleaner shall be non-corrosive and non-staining, as recommended by sealant 
manufacturer; compatible with joint forming materials. 

 
 C. Primer 

Primer shall be non-staining, as recommended by sealant manufacturer to suit 
application. 
 

PART 3 – EXECUTION 
 
3.01  GENERAL 
Use of more than one material for the same joint is not allowed unless approved by the sealant 
manufacturer.  Install joint sealants in accordance with ASTM C1193.  Horizontal and Sloping 
Joints of 1-Percent Maximum Slope: Use self-leveling (Grade P) joint sealant.  Steeper Sloped 
Joints, Vertical Joints, and Overhead Joints: Use non-sag (Grade NS) joint sealant. 
 
3.02  PREPARATION 
Verify that joint dimensions, and physical and environmental conditions, are acceptable to 
receive sealant.  Surfaces to be sealed shall be clean, dry, sound, and free of dust, loose mortar, 
oil, and other foreign materials.  Mask adjacent surfaces where necessary to maintain neat edge.  
Starting of work will be construed as acceptance of subsurfaces.  Apply primer to dry surfaces as 
recommended by sealant manufacturer.  Verify that joint shaping materials and release tapes are 
compatible with sealant.  Examine joint dimensions and size materials to achieve required 
width/depth ratios.  Carefully follow manufacturer’s instructions for mixing multi-component 
products. 
 
3.03  INSTALLATION 
Use joint filler to achieve required joint depths, to allow sealants to perform intended function.  
Install backup material as recommended by sealant manufacturer.  Where possible, provide full-
length sections without splices; minimize number of splices.  Tape sealant may be used as joint 
filler if approved by sealant manufacturer.  Use bond breaker where recommended by sealant 
manufacturer.   
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Seal joints around window, door and louver frames, expansion joints, and elsewhere as indicated.  
Where piping, conduit, ductwork, etc. penetrate wall, seal each side of wall opening.  Follow 
manufacturer’s recommendation and instructions, filling joint completely from back to top, 
without voids.  Tool slightly concave after sealant is installed and leave sealant with an even neat 
finish.  When tooling white or light color sealant, use a water-wet tool.  Finish joints free of air 
pockets, foreign embedded matter, ridges, and sags.  Make all joints water and airtight. 
 
3.04  CLEANING 
Clean surfaces next to the sealed joints of smears or other soiling resulting from sealing 
application.  Replace damaged surfaces resulting from joint sealing or cleaning activities. 
 
3.05  JOINT SEALANT SCHEDULE 
 
 A.  Type 1 - Polyurethane  

Use Type 1 immersible polyurethane for the interior and exterior building joints and 
elsewhere as indicated on the Drawings. 
 

B.  Type 2 - Silicone 
Use Type 2 silicone sanitary sealant for joints between backsplashes, lab sinks, and 
around plumbing fixtures where they fit against walls and floors. 

 
 C.  Type 3 – Fire Rated 

Use sealant Type 3 to seal voids and holes around penetrations through fire rated 
elements. 
 

D.  Type 4 - Polyurea 
Use polyurea joint filler for filling interior control joints, sawcut, and construction 
joints in concrete floors. 
 

 E.  Type 5 - Polysulfide 
Use Type 5 polysulfide for filling joints in the chemical rooms where sealant is 
exposed to concentrated chlorine gas or liquid. 
 

PART 4 - MEASUREMENT AND PAYMENT   
 
No separate payment will be made for Joint Sealants.  Payment for work in this Section shall be 
included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 08710 - FINISH HARDWARE 
 
 
PART 1 - GENERAL 
 
1.01 SCOPE 
This Section covers the work necessary to furnish and install all door hardware that are required 
for swing doors.  The Contractor shall furnish all labor and materials needed to complete the 
work included in this section, complete. 
 
It shall be the specific duty and responsibility of the Contractor to examine the Contract 
Documents and furnish proper hardware for all openings, whether scheduled or not.  Furnish 
such hardware in type and quality suitable for the service required and comparable to those 
specified for similar conditions. 
 
1.02 SUBMITTALS 
 

A.   Product Data 
 Submit manufacturers technical product data for each item of hardware in accordance 

with Section 01330-PROJECT RECORDS AND SUBMITTALS and as described 
herein.  Include whatever information may be necessary to show compliance with 
requirements, and include instructions for installation and for maintenance of 
operating parts and finish.  Coordinate hardware with doors, frames and related work 
to ensure proper size, thickness, hand, function and finish of hardware.  Include the 
following information in the submittals: 

  
  1. Type, style, function, size and finish of each hardware item 
  2. Name and manufacturer of each item 
  3. Fastenings and other pertinent information 
  4. Mounting locations for hardware 

  5. Door and frame sizes and materials 
  6. Keying information 
  7.  Clearly indicate how the Owner's instructions on keying of locks is to be 

fulfilled. 
 

1.03 QUALITY ASSURANCE 
Obtain each type of hardware (latch and lock sets, hinges, closers, etc.) from a single 
manufacturer. 
 

A. Supplier Qualifications   
 The door hardware supplier shall be a recognized architectural door hardware 

supplier, with warehousing facilities in the vicinity of the Work, that has a record of 
successful service performance for supplying door hardware similar in quantity, type, 
and quality to that indicated for this Work. 
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 The supplier shall meet with Owner's locksmith coordinator to finalize keying 
requirements and to obtain final instructions in writing. 

 
 Finish hardware supplied for this Work shall comply with all applicable codes, 

including provisions for accessibility by the physically handicapped required by the 
California Code of Regulations, Title 24, Part 2 and the Americans with Disabilities 
Act (ADA). 

 
B. Fire-Rated Openings   
 Provide door hardware for fire-rated openings that complies with NFPA Standard No. 

80 and requirements of authorities having jurisdiction. 
 
 Provide only items of door hardware that are listed and are identical to products tested 

by UL, Warnock Hersey, FM, or other testing and inspecting organization acceptable 
to authorities having jurisdiction for use on types and sizes of doors indicated in 
compliance with requirements of fire-rated door and door frame labels. 

 
 Where emergency exit devices are required on fire-rated doors (with supplementary 

marking on doors' UL or FM labels indicating "Fire Door to be Equipped with Fire 
Exit Hardware") provide UL or FM label on exit devices indicating "Fire Exit 
Hardware." 

 
1.04 PRODUCT HANDLING 
Provide secure lock-up for hardware delivered to the Work but not yet installed.  Control 
handling and installation of hardware items which are not immediately replaceable, so that 
completion of the Work will not be delayed by hardware losses, both before and after 
installation. 
 
1.05 MAINTENANCE 
Furnish a complete set of specialized tools and maintenance instructions as needed for Owner's 
continued adjustment, maintenance, and removal and replacement of door hardware. 
 
PART 2 - MATERIALS 
 
2.01 ACCEPTABLE MANUFACTURERS 
Acceptable manufacturers are as follows: 

 
A. Hinges...............Hager, McKinney, Stanley, or equal 
B. Locksets/Latchsets.……Schlage "L" Series, 03 Levers, or equal 
C. Wall Bumpers, Holders and Floor Stops..........Hager, Quality, Ives, or equal 
D. Exit Devices.........Von Duprin or equal 
E. Automatic Flush Bolts...........Hager or equal 
F. Gaskets..............Pemko or equal 
G. Threshold............Pemko or equal. 
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2.02 FABRICATION 
The Drawings show direction of slide, swing or hand of each door leaf.  Furnish each item of 
hardware for proper installation and operation of door movement as shown. 
   
Produce hardware units of basic metal and forming method indicated, using manufacturer's 
standard metal alloy, composition, temper, and hardness, but in no case of lesser (commercially 
recognized) quality than specified for the applicable hardware units by applicable ANSI A156 
series standard for each type hardware item and with ANSI A156.18 for finish designations 
indicated.  Do not furnish "optional" materials or forming methods for those indicated, except as 
otherwise specified.   
 
Provide hardware manufactured to conform to published templates, generally prepared for 
machine screw installation.  Do not provide hardware which has been prepared for self-tapping 
sheet metal screws, except as specifically indicated.  Doors specified require reinforcement for 
UL approved screw attachment of all hardware items to fire rated doors.  Thru-bolting will not 
be acceptable and will be cause for rejection of doors. 
 
Provide concealed fasteners for hardware units which are exposed when door is closed, except 
when no standard units of the type specified are available with concealed fasteners.  Do not use 
thru-bolts for installation where bolt head or nut on the opposite face is exposed in other work, 
except where it is not feasible to adequately reinforce the item.  In such cases, provide sleeves 
for each thru-bolt or use hex screw fasteners. 
 
2.03 HINGES  
Provide only template-produced units.  Furnish Phillips flat-head or machine screws for 
installation of units.  Finish screw heads to match surface of hinges.  Hinges shall be Hager BB 
1191 32 D solid stainless steel with stainless steel hinge pins conforming to ANSI A5112, or 
approved equal.  Hinges shall be provided with hinge pins as follows, except as otherwise noted: 
          

A. Steel hinges:  Steel pins 
B. Non-ferrous hinges:  Stainless steel pins 
C. Exterior doors:  Non-removable pins 
D. Interior doors:  Non-rising pins 
E. Tips:  Flat button and matching plug, finished to match leaves. 
F. Number of hinges:  Provide number of hinges indicated but not less than three hinges 

per door leaf for doors 90-inches or less in height and one additional hinge for each 
30-inches of additional height.    

G. Size of hinges:  Unless otherwise specified, hinges for doors through 3-foot, 0-inches 
wide shall be 4.5-inches x 4.5-inches.  Hinges for doors over three feet wide shall be 
5-inches x 5-inches. 

 
2.04 LOCKSETS AND LATCHSETS 
Contractor shall provide and install locksets and latchsets.  Locksets shall be stainless steel 
mortise locks with levers and escutcheon trim. Contractor shall furnish and install all cylinders.  
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Keys will be provided and keyed by the Contractor in conformance with the Owners standards 
for quantity and type of key.   Locksets and latchsets shall be Schlage L9465P, 03L trim, 630 
finish, or approved equal. 
 
2.05 WALL, FLOOR, AND OVERHEAD STOPS AND HOLDERS 
Furnish and install cast brass wall stops equal to Hager 256S wall stop and holder, wherever door 
strikes wall.  Where wall stops will not work, use Hager 268F floor stop and holder.  Where wall 
or floor stops will not work, provide satin stainless steel Glenn Johnson heavy duty overhead 
door holder/stop, 90 Series, Hold-Open Model, US32D for doors 3 feet and less in width and use 
79 Series, US32D for doors wider than 3 feet, or approved equal.    
 
2.06 FLUSH BOLTS 
Flush bolts for metal doors shall be non-handed and shall combine a constant latching top bolt 
with an automatic bottom bolt.  Flush bolts shall be a Hager 293D, or approved equal. 
 
2.07 COORDINATORS 
All paired doors shall have door coordinators which will prevent the active door from closing 
before the inactive door, by means of a lever and trigger mechanism.  Coordinator channel shall 
be constructed of steel with a paintable prime coat finish, length variable per door opening.  
Coordinator shall have a safety mechanism which will allow the active door to close first, if 
under extreme pressure. Coordinators shall be Hager 297D, or approved equal. 
 
2.08 DOOR CLOSERS 
Door closers for exterior doors up to 4-foot, 0-inches and interior doors up to 5-foot, 0-inches 
shall be heavy duty, surface mounted, manufactured of heavy duty cast iron, with an aluminum 
colored powder coat finish.  Closer shall be non-handed, non-sized, meet ADA requirements, 
have a hold-open arm function, and have a non-metallic cover. Surface closers shall be Hager 
Series 5300, Grade 1, Traditional, with Aluminum painted finish, or approved equal. 
 
2.09 EXIT DEVICES 
Exit devices (panic bars) shall be stainless steel, non-handed, field-sizeable, devices for single or 
double doors and shall coordinate and comply with the lockset/latchsets specified above.  Exit 
devices shall be UL listed Panic Hardware (FVSR) SA163 (N). Fire devices (F) shall be UL 
listed Fire Exit Hardware (GXHX) R4504 (N), A label.  Exit devices shall be tested in 
accordance to ANSI A156.3, 1989, Grade 1.  Panic bars shall be Von Duprin Series 98 Exit 
Devices, with US32D finish, or approved equal. 
 
2.10 THRESHOLDS, GASKETS, WEATHERSTRIPPING, AND ASTRAGALS 
Thresholds shall be smooth saddle type, manufactured of stainless steel and shall be Pemko 
175SS or approved equal.  Gaskets shall be self-adhesive silicone Pemko S88W smoke seal 
gaskets and Pemko HSS2000 fire seal gaskets, or approved equal. Weatherstripping shall be the 
rigid jamb type with an extruded silicone rubber seal and shall be Pemko 303AS, or approved 
equal.  Overlapping astragals shall be installed on pairs of doors to conceal the gap between the 
doors.  Astragals shall be manufactured of stainless steel and shall be fastened with through-
bolts.  Astragals shall be Pemko 357SS, or approved equal.  
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2.11 HARDWARE FINISHES 
Provide matching finishes for hardware units at each door or opening, to the greatest extent 
possible, except as otherwise indicated.  Provide quality of finish, including thickness of plating 
or coating (if any), composition, hardness and other qualities complying with manufacturer's 
standards, but in no case less than specified for the applicable units of hardware by referenced 
standards. 
 
PART 3 - EXECUTION 
 
3.01 INSTALLATION 
Install each hardware item in compliance with the manufacturer's instructions and 
recommendations.  Wherever cutting and fitting is required to install hardware onto or into 
surfaces which are later to be painted or finished in another way, coordinate removal, storage, 
and reinstallation, or application of surface protections, with finishing work specified.  Do not 
install surface-mounted items until finishes have been completed on the substrate.   
 
Set units level, plumb and true to line and location.  Adjust and reinforce the attachment 
substrate as necessary for proper installation and operation.  Drill and countersink units which 
are not factory-prepared for anchorage fasteners; space fasteners and anchors in accordance with 
industry standards.  Set thresholds for exterior doors in full bed of butyl-rubber or 
polyisobutylene mastic sealant. 
 
3.02 ADJUST AND CLEAN 
Adjust and check each operating item of hardware and each door, to ensure proper operation or 
function of every unit.  Replace units which cannot be adjusted to operate freely and smoothly as 
intended for the application made.  Clean adjacent surfaces soiled by hardware installation. 
 
3.03 MAINTENANCE SERVICE 
Approximately six (6) months after filing of the Notice of Completion for the project by the 
Owner, the Contractor shall replace hardware items which have deteriorated or failed due to 
faulty design, materials or installation of hardware units at no additional cost to the Owner. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Finish Hardware.  Payment for work in this Section shall 
be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 08710 - FINISH HARDWARE 
 
 
PART 1 - GENERAL 
 
1.01 SCOPE 
This Section covers the work necessary to furnish and install all door hardware that are required 
for swing doors.  The Contractor shall furnish all labor and materials needed to complete the 
work included in this section, complete. 
 
It shall be the specific duty and responsibility of the Contractor to examine the Contract 
Documents and furnish proper hardware for all openings, whether scheduled or not.  Furnish 
such hardware in type and quality suitable for the service required and comparable to those 
specified for similar conditions. 
 
1.02 SUBMITTALS 
 

A.   Product Data 
 Submit manufacturers technical product data for each item of hardware in accordance 

with Section 01330-PROJECT RECORDS AND SUBMITTALS and as described 
herein.  Include whatever information may be necessary to show compliance with 
requirements, and include instructions for installation and for maintenance of 
operating parts and finish.  Coordinate hardware with doors, frames and related work 
to ensure proper size, thickness, hand, function and finish of hardware.  Include the 
following information in the submittals: 

  
  1. Type, style, function, size and finish of each hardware item 
  2. Name and manufacturer of each item 
  3. Fastenings and other pertinent information 
  4. Mounting locations for hardware 

  5. Door and frame sizes and materials 
  6. Keying information 
  7.  Clearly indicate how the Owner's instructions on keying of locks is to be 

fulfilled. 
 

1.03 QUALITY ASSURANCE 
Obtain each type of hardware (latch and lock sets, hinges, closers, etc.) from a single 
manufacturer. 
 

A. Supplier Qualifications   
 The door hardware supplier shall be a recognized architectural door hardware 

supplier, with warehousing facilities in the vicinity of the Work, that has a record of 
successful service performance for supplying door hardware similar in quantity, type, 
and quality to that indicated for this Work. 

 

Sacramento Suburban Water District 
Verner Ave. Well And 
Treatment Facilities November 2008 
LSCE 07-3-075 08710-1            Finish Hardware 



 

 The supplier shall meet with Owner's locksmith coordinator to finalize keying 
requirements and to obtain final instructions in writing. 

 
 Finish hardware supplied for this Work shall comply with all applicable codes, 

including provisions for accessibility by the physically handicapped required by the 
California Code of Regulations, Title 24, Part 2 and the Americans with Disabilities 
Act (ADA). 

 
B. Fire-Rated Openings   
 Provide door hardware for fire-rated openings that complies with NFPA Standard No. 

80 and requirements of authorities having jurisdiction. 
 
 Provide only items of door hardware that are listed and are identical to products tested 

by UL, Warnock Hersey, FM, or other testing and inspecting organization acceptable 
to authorities having jurisdiction for use on types and sizes of doors indicated in 
compliance with requirements of fire-rated door and door frame labels. 

 
 Where emergency exit devices are required on fire-rated doors (with supplementary 

marking on doors' UL or FM labels indicating "Fire Door to be Equipped with Fire 
Exit Hardware") provide UL or FM label on exit devices indicating "Fire Exit 
Hardware." 

 
1.04 PRODUCT HANDLING 
Provide secure lock-up for hardware delivered to the Work but not yet installed.  Control 
handling and installation of hardware items which are not immediately replaceable, so that 
completion of the Work will not be delayed by hardware losses, both before and after 
installation. 
 
1.05 MAINTENANCE 
Furnish a complete set of specialized tools and maintenance instructions as needed for Owner's 
continued adjustment, maintenance, and removal and replacement of door hardware. 
 
PART 2 - MATERIALS 
 
2.01 ACCEPTABLE MANUFACTURERS 
Acceptable manufacturers are as follows: 

 
A. Hinges...............Hager, McKinney, Stanley, or equal 
B. Locksets/Latchsets.……Schlage "L" Series, 03 Levers, or equal 
C. Wall Bumpers, Holders and Floor Stops..........Hager, Quality, Ives, or equal 
D. Exit Devices.........Von Duprin or equal 
E. Automatic Flush Bolts...........Hager or equal 
F. Gaskets..............Pemko or equal 
G. Threshold............Pemko or equal. 
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2.02 FABRICATION 
The Drawings show direction of slide, swing or hand of each door leaf.  Furnish each item of 
hardware for proper installation and operation of door movement as shown. 
   
Produce hardware units of basic metal and forming method indicated, using manufacturer's 
standard metal alloy, composition, temper, and hardness, but in no case of lesser (commercially 
recognized) quality than specified for the applicable hardware units by applicable ANSI A156 
series standard for each type hardware item and with ANSI A156.18 for finish designations 
indicated.  Do not furnish "optional" materials or forming methods for those indicated, except as 
otherwise specified.   
 
Provide hardware manufactured to conform to published templates, generally prepared for 
machine screw installation.  Do not provide hardware which has been prepared for self-tapping 
sheet metal screws, except as specifically indicated.  Doors specified require reinforcement for 
UL approved screw attachment of all hardware items to fire rated doors.  Thru-bolting will not 
be acceptable and will be cause for rejection of doors. 
 
Provide concealed fasteners for hardware units which are exposed when door is closed, except 
when no standard units of the type specified are available with concealed fasteners.  Do not use 
thru-bolts for installation where bolt head or nut on the opposite face is exposed in other work, 
except where it is not feasible to adequately reinforce the item.  In such cases, provide sleeves 
for each thru-bolt or use hex screw fasteners. 
 
2.03 HINGES  
Provide only template-produced units.  Furnish Phillips flat-head or machine screws for 
installation of units.  Finish screw heads to match surface of hinges.  Hinges shall be Hager BB 
1191 32 D solid stainless steel with stainless steel hinge pins conforming to ANSI A5112, or 
approved equal.  Hinges shall be provided with hinge pins as follows, except as otherwise noted: 
          

A. Steel hinges:  Steel pins 
B. Non-ferrous hinges:  Stainless steel pins 
C. Exterior doors:  Non-removable pins 
D. Interior doors:  Non-rising pins 
E. Tips:  Flat button and matching plug, finished to match leaves. 
F. Number of hinges:  Provide number of hinges indicated but not less than three hinges 

per door leaf for doors 90-inches or less in height and one additional hinge for each 
30-inches of additional height.    

G. Size of hinges:  Unless otherwise specified, hinges for doors through 3-foot, 0-inches 
wide shall be 4.5-inches x 4.5-inches.  Hinges for doors over three feet wide shall be 
5-inches x 5-inches. 

 
2.04 LOCKSETS AND LATCHSETS 
Contractor shall provide and install locksets and latchsets.  Locksets shall be stainless steel 
mortise locks with levers and escutcheon trim. Contractor shall furnish and install all cylinders.  
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Keys will be provided and keyed by the Contractor in conformance with the Owners standards 
for quantity and type of key.   Locksets and latchsets shall be Schlage L9465P, 03L trim, 630 
finish, or approved equal. 
 
2.05 WALL, FLOOR, AND OVERHEAD STOPS AND HOLDERS 
Furnish and install cast brass wall stops equal to Hager 256S wall stop and holder, wherever door 
strikes wall.  Where wall stops will not work, use Hager 268F floor stop and holder.  Where wall 
or floor stops will not work, provide satin stainless steel Glenn Johnson heavy duty overhead 
door holder/stop, 90 Series, Hold-Open Model, US32D for doors 3 feet and less in width and use 
79 Series, US32D for doors wider than 3 feet, or approved equal.    
 
2.06 FLUSH BOLTS 
Flush bolts for metal doors shall be non-handed and shall combine a constant latching top bolt 
with an automatic bottom bolt.  Flush bolts shall be a Hager 293D, or approved equal. 
 
2.07 COORDINATORS 
All paired doors shall have door coordinators which will prevent the active door from closing 
before the inactive door, by means of a lever and trigger mechanism.  Coordinator channel shall 
be constructed of steel with a paintable prime coat finish, length variable per door opening.  
Coordinator shall have a safety mechanism which will allow the active door to close first, if 
under extreme pressure. Coordinators shall be Hager 297D, or approved equal. 
 
2.08 DOOR CLOSERS 
Door closers for exterior doors up to 4-foot, 0-inches and interior doors up to 5-foot, 0-inches 
shall be heavy duty, surface mounted, manufactured of heavy duty cast iron, with an aluminum 
colored powder coat finish.  Closer shall be non-handed, non-sized, meet ADA requirements, 
have a hold-open arm function, and have a non-metallic cover. Surface closers shall be Hager 
Series 5300, Grade 1, Traditional, with Aluminum painted finish, or approved equal. 
 
2.09 EXIT DEVICES 
Exit devices (panic bars) shall be stainless steel, non-handed, field-sizeable, devices for single or 
double doors and shall coordinate and comply with the lockset/latchsets specified above.  Exit 
devices shall be UL listed Panic Hardware (FVSR) SA163 (N). Fire devices (F) shall be UL 
listed Fire Exit Hardware (GXHX) R4504 (N), A label.  Exit devices shall be tested in 
accordance to ANSI A156.3, 1989, Grade 1.  Panic bars shall be Von Duprin Series 98 Exit 
Devices, with US32D finish, or approved equal. 
 
2.10 THRESHOLDS, GASKETS, WEATHERSTRIPPING, AND ASTRAGALS 
Thresholds shall be smooth saddle type, manufactured of stainless steel and shall be Pemko 
175SS or approved equal.  Gaskets shall be self-adhesive silicone Pemko S88W smoke seal 
gaskets and Pemko HSS2000 fire seal gaskets, or approved equal. Weatherstripping shall be the 
rigid jamb type with an extruded silicone rubber seal and shall be Pemko 303AS, or approved 
equal.  Overlapping astragals shall be installed on pairs of doors to conceal the gap between the 
doors.  Astragals shall be manufactured of stainless steel and shall be fastened with through-
bolts.  Astragals shall be Pemko 357SS, or approved equal.  
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2.11 HARDWARE FINISHES 
Provide matching finishes for hardware units at each door or opening, to the greatest extent 
possible, except as otherwise indicated.  Provide quality of finish, including thickness of plating 
or coating (if any), composition, hardness and other qualities complying with manufacturer's 
standards, but in no case less than specified for the applicable units of hardware by referenced 
standards. 
 
PART 3 - EXECUTION 
 
3.01 INSTALLATION 
Install each hardware item in compliance with the manufacturer's instructions and 
recommendations.  Wherever cutting and fitting is required to install hardware onto or into 
surfaces which are later to be painted or finished in another way, coordinate removal, storage, 
and reinstallation, or application of surface protections, with finishing work specified.  Do not 
install surface-mounted items until finishes have been completed on the substrate.   
 
Set units level, plumb and true to line and location.  Adjust and reinforce the attachment 
substrate as necessary for proper installation and operation.  Drill and countersink units which 
are not factory-prepared for anchorage fasteners; space fasteners and anchors in accordance with 
industry standards.  Set thresholds for exterior doors in full bed of butyl-rubber or 
polyisobutylene mastic sealant. 
 
3.02 ADJUST AND CLEAN 
Adjust and check each operating item of hardware and each door, to ensure proper operation or 
function of every unit.  Replace units which cannot be adjusted to operate freely and smoothly as 
intended for the application made.  Clean adjacent surfaces soiled by hardware installation. 
 
3.03 MAINTENANCE SERVICE 
Approximately six (6) months after filing of the Notice of Completion for the project by the 
Owner, the Contractor shall replace hardware items which have deteriorated or failed due to 
faulty design, materials or installation of hardware units at no additional cost to the Owner. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
No separate payment will be made for Finish Hardware.  Payment for work in this Section shall 
be included as part of the applicable Lump Sum or Unit Prices stated in other Sections. 
 
 

-END OF SECTION- 
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SECTION 09900 - PAINTING 
 

Bid Item No. 10 
 
 

PART 1 - GENERAL 
 
1.01  SCOPE 
This Section includes everything necessary for, or incidental to, painting and coating all metal, 
piping, concrete slabs, concrete masonry units, walls, ceilings, or other surfaces requiring 
painting, except as otherwise hereinafter specifically excluded, complete.   
 
All necessary scaffolding shall be furnished and installed by the Contractor.  Such scaffolding 
shall conform to regulations of the State Industrial Accident Commission and local ordinances. 
 
1.02  SUBMITTALS 
The Contractor shall submit the following items to the Engineer for review and color selection: 
 
 A. Color cards 

Submit Color cards for all coatings proposed for use showing full range of standard 
colors. 

 
 B. Product Data 

Submit product data including generic description, complete technical data, surface 
preparation and application instructions. 

 
 C. Coating System Data Sheets 

Submit Coating System  Data Sheets.  A sample is included at the end of this Section. 
 
 D. Manufacturer’s Certification 

Submit the manufacturer’s certification that coatings comply with specified 
requirements and are suitable for intended application. 
 

E. Warranty: 
 Submit the manufacturer’s standard warranty. 

 
1.03  SURFACES REQUIRING PAINTING 
The following items shall be painted on-site.  All exposed pump components, piping, including 
valves and fittings, and electrical conduits.  The pump station building walls, floors and ceilings 
and associated interior and exterior appurtenances shall be painted in addition to an anti-graffiti 
coating which shall be applied to the exterior of the pump station building. 
 
1.04  WORK NOT INCLUDED 
Factory coated equipment such as the motor control center, telemetry, pneumatic components, 
roofing, fascia, and chlorination equipment is not included in this Section. 
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1.05 QUALITY ASSURANCE 
 
 A. Single Source 

All materials of a paint system, including primer and finish coats, shall be produced 
by the same paint manufacturer unless otherwise approved by the Engineer.  
Thinners, cleaners, driers, and other additives shall be as recommended by the paint 
manufacturer of the particular coating. 

 
 B. Manufacturer Representative 

The paint manufacturer shall provide a representative to visit the jobsite at intervals 
during surface preparation and painting as may be required for product application 
quality assurance, and to determine compliance with the manufacturer’s instructions 
and this Specification, and as may be necessary to resolve field problems attributable 
to, or associated with, the manufacturer’s products furnished under this Contract.   
 

C.  Surface Preparation 
Preparation of surfaces and application of coatings shall be in conformance with the 
applicable AWWA, SSPC, and ASTM specifications, this Specification, and the 
printed recommendations of the paint manufacturer. 
 

D. Weather 
 Prepare surfaces and apply and cure coatings within air and surface temperature range 

in accordance with the manufacturer’s instructions.  The surface temperature shall be 
a minimum of 40-degrees F and 5-degrees above the dew point.  Do not prepare 
surfaces or apply coatings in dust, smoke, rain, fog, or damp or humid weather or if 
the wind velocity is above the manufacturer’s limit.  Schedule coating work to avoid 
excessive dust and airborne contaminants.   

 
E.  Ventilation 
 Provide ventilation during coating evaporation stage in confined or enclosed areas in 

accordance with AWWA D102. 
 
 F.   Inspection 

The Contractor shall give the Engineer a minimum of three (3) days advance notice of 
the start of any surface preparation work or coating application work.  All such work 
shall be performed only in the presence of the Engineer, unless the Engineer has 
granted prior approval to perform such work in their absence. 

 
Inspection by the Engineer, or the waiver of inspection of any particular portion of 
the work, shall not be construed to relieve the Contractor of the Contractor’s 
responsibility to perform the work in accordance with these Specifications. 

 
For all coatings subject to immersion, full cure must be obtained for the completed 
system prior to submersion.  Consult the coatings manufacturer’s written instructions 
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for these requirements.  The coating shall not be immersed for any purpose until 
completion of the curing cycle. 

 
PART 2 – MATERIALS 
 
2.01  GENERAL 
All materials used, except as otherwise specified in carrying out the provisions of this Contract, 
shall be manufactured by the following companies, or approved equals: 

 
• American Protective Coating 
• Fuller O’Brien 
• ICI Devoe 
• Kelly Moore 
• Pittsburg Paints 
• Sherwin Williams 
• TNEMEC 
 

2.02  PAINT MATERIALS 
The following surface preparations and paint and coating materials shall apply to this project.  
Paint materials shall be manufactured by TNEMEC, ICI Devoe, or approved equal. 

 
A. System Number 1 – Submerged Steel, Interior Pipe Ends or Fittings  

The interior of steel pipe ends or fittings, or for any other steel that is in contact with 
potable water shall meet the requirements of the Food and Drug Administration 
(FDA) for use in potable water and shall be coated as follows: 
 
 1. Surface Preparation:  Abrasive Blast (SP10) 
 
 2. Paint Material: 
 
   a.  First Coat:  High Solids Epoxy, 5 to 6 mils 
     1.  TNEMEC Pota-Pox 80 Series 141 or 
     2.  ICI Devoe Bar-Rust 233H. 
 
   b. Second Coat: High Solids Epoxy, 5 to 6 mils   
      1.  TNEMEC Pota-Pox 80 Series 141 or 
     2.  ICI Devoe Bar-Rust 233H. 

  
 B. System Number 2 – Exterior Station Piping, Valves, Pump Discharge Heads, 

Conduits, and Fittings 
All exposed metal surfaces including the exterior of station piping, valves, pump 
discharge heads, conduits and fittings that are exposed to weather or are located 
inside the pump station building shall be coated as follows: 
 

Sacramento Suburban Water District 
Verner Ave. Well And 

 1. Surface Preparation:  Commercial Blast (SP 6) 

Treatment Facilities November 2008 
LSCE 07-3-075 09900-3 Painting 



 

 
 
 
 
 2. Paint Material: 
 
   a.  First Coat:  Zinc-Rich Urethane, 2.5 to 3.5 mils. 
     1.  TNEMEC-Zinc Series 90-97 or  
     2.  ICI Devoe Catha-Coat 302H. 
 
   b. Second Coat: Polyamide Epoxy, 4 to 6 mils. 

 1.  TNEMEC Epoxoline-HS Series 166 or Series V69F or 
2.  ICI Devoe Bar-Rust 235 (In Winter) or Bar-Rust 231 (In  

Summer) 
 
   c.  Third Coat:  Aliphatic Acrylic Polyurethane, 2 to 3 mils 
    1.  TNEMEC Endura-Shield II Series 1075 or 
    2.  ICI Devoe Devthane 379H   
 

C.  System Number 3 – Factory Primed Steel Doors and Frames 
All exterior and interior factory primed steel doors, frames and miscellaneous 
equipment that are exposed to weather or are located inside the booster pump station 
building shall be coated as follows: 
 
 1. Surface Preparation:  Factory Primed, Clean and Dry  
 
 2. Paint Material-Interior Applications: 
 
   a.  First Coat:  Polyamide Epoxy, 4 to 5 mils 
     1.  TNEMEC Chembuild Series 135 or 
     2.  ICI Devoe Bar-Rust 235 
 
   b. Second Coat:  Polyamide Epoxy, 4 to 5 mils 

       1.  TNEMEC Epoxoline-HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 
 
 3. Paint Material-Exterior Applications:  
 
   a.  First Coat:  Polyamide Epoxy, 4 to 5 mils 
     1.  TNEMEC Chembuild Series 135 or 

 2.  ICI Devoe Bar-Rust 235 (In Winter) or Bar-Rust 231 (In 
Summer) 

 
   b. Second Coat: Aliphatic Acrylic Polyurethane, 2 to 3 mils 
     1.  TNEMEC Endura-Shield II Series 1075 or 
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     2.  ICI Devoe Devthane 379H 
 
 D.  System Number 4 – Exterior Ductile and Cast Iron Pipe, Valves, and Fittings 

Ductile iron and cast iron piping, valves, and fittings exposed to weather and 
ultraviolet light deterioration or underground conditions shall be coated as follows: 
 
 1. Surface Preparation:  In accordance with manufacturer’s instructions 
 2. Paint Material - Exterior Applications: 
 
   a.  First Coat:  Polyamide Epoxy, 4 to 5 mils 

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 
 
   b. Second Coat:  Aliphatic Acrylic Polyurethane, 2 to 3 mils 

       1.  TNEMEC Endura-Shield II Series 1075 or 
     2.  ICI Devoe Devthane 379H 
 
 3. Paint Material - Below Ground Applications:  
 
   a.  First Coat:  Polyamide Epoxy, 4 to 5 mils 

       1.  TNEMEC Epoxoline-HS Series 166 or Series V69F or 
       2.  ICI Devoe Devtar 5A HS @ 6-8 mils DFT 

 
   b. Second Coat:  Coal Tar Epoxy, 8 to 10 mils 

       1.  TNEMEC Tneme-Tar Series 46H-413 or 
       2.  ICI Devoe Devtar 5A HS @ 6-8 mils DFT 

 
 E.  System Number 5 – Interior Ductile and Cast Iron Pipe Valves and Fittings 

Ductile iron and cast iron piping, station piping, valves, and fittings located inside the 
pump station building or exposed to other interior humid conditions shall be coated as 
follows: 
 
 1. Surface Preparation:  In accordance with manufacturer’s instructions 
 
 2. Paint Material: 
 
   a.  First Coat:  Polyamide Epoxy, 4 to 5 mils 

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 
 
   b. Second Coat:  Polyamide Epoxy, 4 to 5 mils 

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 

 
F.  System Number 6 – Exterior Concrete Masonry Units and Concrete Walls 
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The concrete block walls of the fence (but not the pump station building) shall be 
coated only with an anti-graffiti coating as follows: 
 

   1. Surface Preparation:  CMU-Allow mortar to cure for 14-days minimum.  
Level protrusions and mortar splatter.  Concrete-Allow new concrete to cure 
for 30-days minimum, followed by abrasive blast. 

  
 
 2. Anti-Graffiti Clear Coat Paint Material:   
 
   a.  First Coat:  Aliphatic Urethane, 2 to 3 mils 

       1.  TNEMEC (NA) 
     2.  ICI Devoe Devthane 379 H 
    
   b. Second Coat:  Aliphatic Urethane, 2 to 3 mils 

       1.  TNEMEC (NA) 
     2.  ICI Devoe Devthane 379 H 

 
 G. System Number 7 - Interior Concrete Masonry Units and Concrete Walls 

 
   1. Surface Preparation:  CMU-Allow mortar to cure for 14-days minimum.  

Level protrusions and mortar splatter.  Voids and openings in concrete block 
surfaces shall be pointed.  Concrete-Allow new concrete to cure for 30-days 
minimum, followed by abrasive blast. 

 
 2. Paint Material:   
 

a.  First Coat:  Waterborne Cementitious Acrylic Filler, 60 to 80 square 
feet/gallon. 

       1.  TNEMEC Envirofill Series 130, as required or 
       2.  ICI Devoe Bloxfil 4015, as required 

 
   b. Second Coat:  Polyamide Epoxy, 4 to 6 mils   

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235  
 
   c.  Third Coat:  Polyamide Epoxy, 4 to 6 mils   

       1. TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 
 

 H. System Number 8 – Sheet-Rock 
The sheet-rocked ceilings in the interior of the pump station building shall be coated 
as follows: 
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   1. Surface Preparation:  Sand joint compound smooth and feather-edge.  All 
surfaces shall be clean, dry, and free of oil, grease and other contaminants. 

 
 2. Paint Material:   
 

a.  First Coat:  Acrylic, 1 to 2 mils 
       1.  TNEMEC PVA Sealer or 

       2.  ICI Devoe Ultra-Hide 1030 PVA 
    
   b. Second Coat:  Polyamide Epoxy, 4 to 6 mils   

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235  
 
   c.  Third Coat:  Polyamide Epoxy, 4 to 6 mils   

       1. TNEMEC Epoxoline HS Series 166 or Series V69F or 
     2.  ICI Devoe Bar-Rust 235 
 

 I. System Number 9 - Chemical Room Protective Coatings 
The sheet rocked ceilings, and moldings of the chemical treatment rooms that are 
exposed to high concentrations of chlorine, fluoride, or other chemicals shall be 
coated as follows:   
 

   1. Surface Preparation:  CMU-Allow mortar to cure for 30 days min.  Level 
protrusions and mortar splatter.  Sheet Rock-Sand joint compound smooth 
and feather-edge. 

 
 2. Paint Material:   
 

a.  Primer CMU only:  Waterborne Cementitious Acrylic, 60 to 80 square 
feet/gallon 

       1.  TNEMEC Envirofill Series 130 or 
       2.  ICI Devoe Bloxfil 4015 

 
   b. First Coat:  Polyamine Epoxy, 4 to 6 mils   

       1.  TNEMEC Tneme-Glaze Series 282 or 
       2.  ICI Devoe Devran 124 or Devmat 111 

 
   c.  Second Coat:  Polyamine Epoxy, 4 to 6 mils   

       1. TNEMEC Tneme-Glaze Series 282 or 
       2.  ICI Devoe Devran 124 or Devmat 111 

 
 J. System Number 10 - Interior Concrete Floors 

All concrete floors in the pump station building including the chemical room(s) shall 
have a non-skid protective coating suitable for moderate chemical exposure and 
heavy traffic and impact exposure. The Contractor shall be responsible for any 
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preparatory work required by the coating manufacturer.  The Contractor shall supply 
a 2-foot minimum square mockup of the concrete floor anti-skid coating system for 
approval by the Engineer prior to beginning work on the floor. 
 

   1. Surface Preparation:  Allow new concrete to cure 30-days.  Verify dryness, 
followed by Shot Blast or Mechanically Abrade. 

 
 
 
 
 2. Paint Material:   
 

a.  First Coat: Polyamine Epoxy, 6 to 8 mils  
       1.  TNEMEC Epoxoprime Series 201 or 

       2.  ICI Devoe Pre-Prime 167, 1.0-1.5 mils DFT 
    
   b. Second Coat: Polyamine Novolac Epoxy, 6 to 8 mils  

1. TNEMEC Tneme-Glaze Series 282.  Following the coating, 
broadcast selected silica between 3 to 5 lbs/gallon of applied 
coating or 

2.  ICI Devoe Devran 124, following the coating, broadcast    
selected silica to excess. 

 
   c.  Third Coat:  Polyamine Novolac Epoxy, 6 to 8 mils 

       1. TNEMEC-Remove excess silica when dry to foot traffic and 
then coat with Tneme-Glaze Series 282 or 

     2.  ICI Devoe-Remove excess silica when dry to foot traffic and 
then coat with Devran 124. 

 
 K. System Number 11 - Exterior PVC and Fiberglass Materials 

The exterior of PVC and fiberglass piping (FRP) and conduits exposed to weather 
and ultraviolet light deterioration shall be coated as follows: 
 
 1. Surface Preparation:  All wax, oil, grease, dirt, dust or other contaminates 

shall be removed from PVC and FRP surfaces that are to be coated, by wiping 
with a solvent compatible with the specified coating.  Scarify all PVC or FRP 
surfaces prior to coating. 

 
 2. Paint Material:   
 

a.  First Coat:  Polyamide Epoxy, 4 to 6 mils 
      1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
      2.  ICI Devoe Devran 203, 2 -4 mils DFT 

 
   b. Second Coat:  Aliphatic Acrylic Polyurethane, 2 to 3 mils 
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       1.  TNEMEC Endura-Shield II Series 1075 or 
     2.  ICI Devoe Devthane 379H 

 
 L. System Number 12 - Galvanized Metal Repair 

Defects in factory applied galvanized items such as galvanized fencing, ladders, metal 
doors, and door hangers, shall be coated with a Zinc-Rich coating with a minimum of 
14-pounds of metallic zinc content per gallon. The coatings for potable and non-
potable applications shall be as follows:  

 
   1. Surface Preparation:  Solvent Clean (SP1), followed by Hand Tool (SP2), 

Power Tool (SP3) or Brush-off Blast (SP7).  Provide a minimum 1-mil profile 
to aid adhesion.   

  
 2. Paint Material:   
 

a.  Potable Water:  NSF Zinc-Rich Urethane, 2.5 to 3.5 mils 
      1.  TNEMEC Hydro-Zinc 91-H20 
      2.  ICI Devoe Catha-Coat 316 

 
   b. All Other Applications:  Zinc-Rich Urethane, 2.5 to 3.5 mils 

       1.  TNEMEC Tneme-Zinc Series 90-97 or 
     2.  ICI Devoe Catha-Coat 302H 

 
 M. System Number 13 – Aluminum, Non-Ferrous Metals, Gutters and Downspouts 

Aluminum materials such as gutters and downspouts that are exposed to weather or 
highly humid atmospheres shall be coated as follows: 
 

   1. Surface Preparation:  Solvent Clean (SP1), followed by Hand Tool (SP2) 
and Power Tool (SP3) 

 
 2. Paint Material:   
 

a.  First Coat:  Polyamide Epoxy, 6 to 8 mils 
      1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
      2.  ICI Devoe Bar-Rust 235 

 
   b. Second Coat:  Polyamide Epoxy, 6 to 8 mils 

       1.  TNEMEC Epoxoline HS Series 166 or Series V69F or 
   2.  ICI Devoe Bar-Rust 235 
 

N.  Fusion Bonded Coating Repair 
 Defects in factory applied fusion bonded coatings for buried and non-buried 

applications shall be repaired with a manufacturer-approved liquid repair material for 
use at the installation site.    
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 O. Steel Fencing 
Steel fencing shall be coated in accordance with Section 02825 – Steel Pale Security 
Fencing. 
 

PART 3 – EXECUTION 
 
3.01  GENERAL 
No paint, varnish or stain shall be reduced or applied in any way except as herein specifically 
called for, or recommended by the manufacturer.  Should conflict occur between specifications 
and manufacturer’s recommendations and/or standard practice, the Engineer shall be notified 
prior to bid submittal for clarification. 
 
It is the responsibility of the Contractor to inspect and provide substrata surfaces that are 
prepared in accordance with these Specifications and the printed directions and 
recommendations of the paint manufacturer whose product is to be applied. 
 
3.02  MATERIAL DELIVERY AND STORAGE 
All materials shall be new and shall be delivered to the worksite in unopened containers that 
plainly show, at the time of use, the designated name, date of manufacturer, and name of 
manufacturer.  Materials shall be stored in a suitable protected area that is heated or cooled as 
required to maintain temperatures within the range recommended by the manufacturer. 
 
3.03  AIR QUALITY 
All coatings shall conform to the air quality regulations applicable at the location of use.  
Coating materials which cannot be guaranteed by the manufacturer to conform, whether or not 
specified by product designation, shall not be used. 
      
3.04  COATING COMPATIBILITY 
The Contractor shall be responsible for ensuring the compatibility of field coatings with each 
other or with the coatings on shop coated or previously coated surfaces.  Coatings used in the 
first field-coat over shop-coated or previously coated surfaces shall cause no wrinkling, lifting, 
or other damage to underlying coats.  Coatings used in successive field coats shall be produced 
by the same manufacturer. 
 
3.05  PROTECTION OF MATERIALS NOT TO BE PAINTED  
Remove, mask, or otherwise protect hardware, lighting fixtures, switchplates, aluminum 
surfaces, machined surfaces, couplings, shafts, bearings, nameplates on machinery and other 
surfaces not intended to be painted.  Provide drop cloths to prevent paint materials from falling 
on or marring any adjacent surfaces.  Protect working parts of all mechanical and electrical 
equipment from damage during surface preparation and painting process.  All openings in motors 
shall be masked to prevent paint and all other materials from entering the motors. 
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3.06  ENVIRONMENTAL CONDITIONS 
Abrasive blast cleaning shall not be performed whenever the relative humidity exceeds 85-
percent, nor whenever the surface temperature is less than 5-degrees F above the dew point of 
the ambient air.  Coating manufacturer’s recommendations to be strictly adhered to. 
 
3.07  PAINT MIXING 
Multiple-component coatings shall be prepared using all of the contents of the container for each 
component as packaged by the paint manufacturer.  No partial batches will be permitted.  
Multiple-component coatings that have been mixed shall not be used beyond their pot life. 
 
3.08  SCAFFOLDING 
All necessary scaffolding shall be furnished and installed by the Contractor.  Such scaffolding 
shall conform to regulations of the State Industrial Accident Commission and local ordinances. 
 
3.09  SAFETY 
Painting shall be performed in strict accordance with the safety recommendations of the paint 
manufacturer; with the safety recommendations of the National Association of Corrosion 
Engineers contained in the publication, Manual for Painter Safety; Federal, state, and local 
agencies having jurisdiction. 
 
All necessary precautions shall be taken to prevent fire.  Rags and waste soiled with paint shall 
be removed from the premises at the end of each day’s work, or stored in metal containers with 
metal covers. 
 
3.10  SURFACE PREPARATION 
 
 A. Metal Surface Preparation 

All sharp edges and corners shall be ground smooth and all weld spatter, slag burrs, 
and other objectionable surface conditions must be removed prior to the surface 
preparation for coating. 

 
No surface preparation blasting will be permitted prior to submission of samples.  All 
workmanship for metal surface preparation as specified shall be in strict conformance 
with the current Steel Structures Painting Council (SSPC) Specifications as follows: 

 
Solvent Cleaning   SP 1 
Hand Tool Cleaning    SP 2 
Power Tool Cleaning   SP 3 
White Metal Blast Cleaning  SP 5 
Commercial Blast Cleaning  SP 6 
Brush-Off Blast Cleaning  SP 7 
Pickling    SP 8 
Near-White Blast Cleaning  SP 10 
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Coat abrasive blast-cleaned surfaces with primer before visible rust forms on surface.  
Do not leave blast-cleaned surface uncoated for more than 8-hours. 
 
Where OSHA or EPA regulations preclude standard abrasive blast cleaning, wet or 
vacu-blast methods may be required.  Coating manufacturer’s recommendations for 
wet blast additives and first coat application shall apply. 

   
3.11  APPLICATION OF PAINT 
 
 A. General 

Manufacturer’s written instructions for applying each type of paint or protective 
coating shall be furnished to the Engineer prior to application.  Cleaned surfaces and 
all coats shall be inspected prior to the succeeding coat. Schedule such inspection 
with the Engineer in advance.  Apply all coatings in strict accordance with the paint 
manufacturer’s recommendations, as approved by the Engineer.  Succeeding coats 
shall be painted in a different color to facilitate inspection.  Final color shall be as 
selected by the Owner.  Sufficient time shall be allowed between coats to assure 
thorough drying of previously applied paint.  Coating shall be applied in a neat 
manner that will produce an even film of uniform and proper thickness, with finished 
surfaces free of runs, sags, ridges, laps, and brush marks.  Units to be bolted together 
and to structures shall be painted prior to assembly or installation, unless otherwise 
specified. 

 
B. Shop Primed Surfaces 

All shop primed items shall be inspected at the jobsite for compliance with these 
Specifications.  Schedule such inspection with the Engineer in advance.  Areas of 
chipped, peeled, or abraded primer shall be hand or power sanded feathering the 
edges.  The areas shall then be spot primed with the specified primer. 

 
C. Manufacturer Applied Paint Systems 

Abraded areas on factory finished items shall be repaired in strict accordance with the 
manufacturer’s directions.  Repaired areas shall be carefully blended into the original 
finish. 

 
 D. Film Thickness 

Coverage is listed as either total minimum dry film thickness in mils (MDFT) or the 
spreading rate in square feet per gallon (SFPG).  The number of coats is the minimum 
required irrespective of the coating thickness.  Additional coats may be required to 
obtain the minimum required paint thickness, depending on method of application, 
differences in manufacturers’ products, and atmospheric conditions.  Maximum film 
build per coat shall not exceed the coating manufacturer’s recommendations. 

 
 E. Damaged Coatings 

Damaged coatings, pinholes and holidays shall have the edges feathered and repaired 
in accordance with the recommendations of the paint manufacturer, as approved by 
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the Engineer.  Recoat entire surface where touch-up result is visibly different, either 
in sheen, texture, or color. 

 
 F. Unsatisfactory Application 

If the item has an improper appearance, or insufficient film thickness, the surface 
shall be cleaned and top coated with the specified paint material to obtain the 
specified appearance and coverage.  Specific surface preparation requirements shall 
be determined by the coating manufacturer, as approved by the Engineer.   

 
All visible areas of chipped, peeled, or abraded paint shall be hand- or power-sanded 
feathering the edges.  The areas shall then be primed and finish coated in accordance 
with the Specifications.  Depending on the extent of repair and its appearance, a finish 
sanding and topcoat may be required by the Engineer.  Work shall be free of runs, 
bridges, shiners, laps, or other imperfections.  Evidence of these conditions shall be 
cause for rejection.  Any defects in the coating system shall be repaired by the 
Contractor per written recommendations of the coating manufacturer, at no additional 
cost to the Owner. 
Leave all staging up until areas are inspected and approval is given by the Engineer, 
for each surface or coating.  Staging removed prior to inspection shall be replaced. 
 

3.12  SHIPPING 
In all cases where pre-coated items are to be shipped to the jobsite, all efforts shall be made to 
protect the coating from damage.  Coated items shall be battened to prevent abrasion.  Contractor 
shall use nonmetallic or padded slings and straps in handling.  Items will be rejected for 
excessive damage. 
 
3.13  ONE-YEAR INSPECTION 
The Owner shall set the date for the one-year anniversary inspection of the coating systems.  The 
inspection shall be attended by the Owner, Engineer, and the manufacturer’s representative.  The 
Contractor shall repair deficiencies in coating systems as determined by the Engineer in 
accordance with the manufacturer’s instructions. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
Painting satisfactorily completed, shall be paid for on a Lump Sum basis as stated in the Bid 
Item Schedule for the item listed below: 
 

Bid Item No. 10 - PAINTING 
 
 
 

-END OF SECTION- 
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COATING SYSTEM DATA SHEET 
 

Surface Description 
 
 
 
 

System No. (from spec.) 
 

 

 
Surface Preparation Description 
 
 
 
 

 

 
 

Coating 
 

MDFT, 
mils 

 
Color 

 
Manufacturer and Product 

 
First Coat (Primer) 
 
 
 

   

Touch up 
 
 
 

   

Second Coat 
 
 
 

   

Third Coat 
 
 
 

   

Total System 
 
 

  Not less than minimum thickness specified 
 

 
Notes: (Attached if needed.) 
 
 
 
 
 

 
Project: 
 
 
 
Painting Contractor 
 
 
 
Attach products’ Technical Data Sheet (if applicable) for each paint system submittal. 
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SECTION – 10050 BUILDING 
 

Bid Item No. 11 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to furnish materials and construct the pump station 
building. The pump station building shall have masonry block walls with steel reinforcing 
extending into the concrete floor and foundation.  All cells of all masonry blocks are to be filled 
with concrete.  The building floor shall be of reinforced concrete construction as shown on the 
Drawings.  The roof is to be preformed metal with a metal fascia. A removable roof section and 
hatch shall be utilized to facilitate removal of the pump.  The interior of the building is to be 
painted and the Owner shall select the colors.  Ventilation, air conditioning, and appurtenant 
ducting shall be installed as shown on the Plans and detailed within this Specification.  The 
Contractor shall furnish all labor and materials needed to complete the work included in this 
section, complete.  See the following sections for additional requirements 04200-CONCRETE 
MASONRY UNITS, 06100-ROUGH CARPENTRY, 07410-PREFORMED RIBBED METAL 
ROOFING, 07900-JOINT SEALANTS, 08110-METAL DOORS AND FRAMES, and 08710-
FINISH HARDWARE. 
 
1.02  SUBMITTALS 
Contractor shall submit producer’s or manufacturer’s specifications and installation instructions 
for the following products, in accordance with Section 01330-PROJECT RECORDS AND 
SUBMITTALS.  Include laboratory test reports and other data to show compliance with 
specifications (including specified standards). 

 
A. Sheet Rock 
B. All Fixtures 
C. Sound baffles 
D. Fiberglass insulation 
E. Wall and ceiling fans and vents 
F. Heating and air conditioning equipment 

 G.  All miscellaneous hardware 
 
PART 2 - MATERIALS 
 
2.01  CONCRETE 
All concrete for the building slab, equipment pads, and pump pedestal shall comply with the 
requirements of Section 03300-CONCRETE, except as herein specified. 
 
2.02  MASONRY BLOCKS 
Masonry blocks shall conform to the requirements of Section 04200-CONCRETE MASONRY 
UNITS. 
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2.03  MORTAR 
Mortar shall conform to the requirements of Section 04200-CONCRETE MASONRY UNITS. 
 
2.04  LUMBER 
Lumber shall conform to the requirements of Section 06100-ROUGH CARPENTRY. 
 
2.05  ROOFING 
Preformed ribbed metal roofing shall conform to Section 07410-PREFORMED RIBBED 
METAL ROOFING. 
 
2.06  STEEL DOORS AND FRAMES 
 

 A. Hollow Steel Doors 
The hollow steel doors shall be manufactured of not less than No. 18 gauge steel.  
The doors shall be 1-3/4 inches thick and shall be louvered as noted.  Louvers shall be 
a minimum of 16 gauge galvanized steel and shall be weatherproof.  Removable 
insect screens shall be installed on the inside face of the louver and shall be 0.063 x 
¼-inch aluminum screen set in a fixed aluminum U-frame.  Drilling for hardware 
shall be from templates.  Steel doors shall be manufactured by Ceco Regent, Amweld, 
Steelcraft, or an approved equal. 

 
B. Steel Door Frames 

The steel door frames shall be the set-in type for eight-inch block walls, constructed 
of not less than No. 16 gauge steel and shall be of the same manufacturer as the door. 

 
C. Finish Hardware 

The Contractor shall furnish and install all finish hardware as indicated on the 
Drawings or in these specifications, including but not necessarily limited to, the 
hardware listed herein and in Section 08710-FINISH HARDWARE.  Hardware shall 
be furnished complete, including all parts necessary for satisfactory operation.  All 
locking hardware shall be keyed to the Owners standard.  Screws and bolts of proper 
size and design shall be furnished.  In the event the Contractor proposes to furnish 
equivalent hardware in lieu of any of the items listed, the Contractor's schedule shall 
show the manufacturer's name and catalog number of each item.  A complete 
hardware list shall be submitted to the Engineer for approval. 
 

2.07  FIBERGLASS REINFORCED PLASTIC (FRP) DOORS AND FRAMES 
 
A. General 
 FRP doors, frames, and all associated components shall be suitable for continuous 

exposure to the chemicals used within the pump station facility, including Calcium 
Hypochlorite 12% solution.  FRP components shall be by Corrim Doors; equal by 
ChemPruf (with flanged frames) or equal. 
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B. Doors 
 Face sheets shall be seamless fiberglass reinforced polyester plastic, 0.110-in. thick 

with a 1-1/2 inch thick polyurethane core, U-factor of 0.14.  Internal stiles and rails 
shall be structural fiberglass reinforced plastic with solid polymer corner 
reinforcement.  Hardware shall be reinforced with solid polymer.  The door shall be 
chemically welded in its entirety and coated with a polyester gel-coat following 
hardware machining to a minimum of 15-mils dry film thickness. 

 
C. Frame 
 Frames shall be 5-3/4-inches wide by 2-inches deep with a hollow door-stop, 

reinforced with solid polymer according to templates provided by the hardware 
supplier. 

 
D. Color – Gel Coat 
 Door and Frame color shall be selected by the Owner and shall match the other doors 

installed at the pump station. 
 
E. Anchors 
 Frames shall be fastened to the masonry by fiberglass reinforced T-anchors.  Stainless 

steel fasteners, 300 series as approved, shall be used for frame assembly and for all 
other fasteners. 

 
2.08  FIBERGLASS INSULATION 
Ceilings shall be insulated with fiberglass batts.  Batt used to insulate ceilings shall be a 
minimum of 10-inches thick and shall have an insulation factor of R-30.  Fiberglass batts shall be 
foil faced as manufactured by Owens Corning, or approved equal. 
 
2.09 GYPSUM WALLBOARD 
Gypsum wallboard shall be 5/8-inch thick, Greenboard, provided in maximum lengths available 
to minimize end-to-end joints, with tapered edges, and shall comply with ASTM C36 and ASTM 
C840 for application system and support spacing indicated.  Provide auxiliary materials for 
gypsum drywall construction which comply with the recommendations of the manufacturer of 
the gypsum board.  Gypsum wallboard and related materials shall be supplied by Domtar 
Gypsum Co., Georgia-Pacific Corp., Gold Bond Building Products Div., National Gypsum Co., 
United States Gypsum Co., or approved equal.  Gypsum board screws shall comply with ASTM 
C1002. 
 
2.10  GYPSUM WALLBOARD JOINT TREATMENT MATERIALS 
Provide joint materials complying with ASTM C475, ASTM C840, and recommendations of 
manufacturer.  Provide paper joint reinforcing tape and factory-prepackaged, job mixed, 
chemical-hardening, setting type powder joint compounds formulated for intended use.  Factory-
prepackaged vinyl based drying type joint compound formulated for intended use shall be used 
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for embedding tape and for first coast over fasteners and flanges of trim, and topping compound 
formulated for second and third coats.  
 
For ceilings, provide special finishing joint compounds as recommended by the manufacturer.  
 A. First Application 
  USG Sheetrock Lightweight Setting Type (Easy Sand) Joint Compound 
  
 B. Topping and Skimming  
  Top and skim entire surface with Sheetrock Lightweight All-Purpose Joint 

Compound Ready-Mixed (Plus 3) 
 
 C. Texture and Surface Primer  
  Texture and prime to equalize porosity and texture with Sheetrock First Coat. 
 
2.11  VENTILATION AND AIR CONDITIONING SYSTEMS 
 
 A.  Chemical Room Fans 

The Contractor shall furnish and install electric blower, ducting and rain caps for the 
chemical feed room.  The blower shall be floor-mounted and of plastic construction.  
The motor shall be 1/3 horsepower, 110-volt single phase, 1140 RPM, TEFC.  The 
fan shall be ducted through the ceiling and roof.  The fan/motor shall have a 
polypropylene wheel, fiberglass housing, with a 360 to 625 cfm blower capability at a 
static pressure of ¾ to ¼ static pressure. The blower shall be manufactured by Saint-
Gobain Performance Plastics Norton Blowers, or approved equal. The blower shall be 
equipped with a flexible connector fitted to a rigid 8-inch diameter PVC ducting and 
PVC rain cap as manufactured by the Ryan Herco Products Corporation, or approved 
equal. Anchor bolts shall be Type 316 stainless steel, quantity, insert and size by 
manufacturer.  

  
B. Roof Mounted Turbine Vents 

Roof-mounted vents shall be of the turbine type, with a minimum 12-inch throat, 
have ribbed blades and be constructed of heavy gauge galvanized metal construction.  
The turbine vents shall have Dupont Delrin bearings. 
 

C.  Air Conditioning Unit 
 

1. SYSTEM DESCRIPTION 
The unit shall be a 4.0-ton outdoor wall-mounted, electric cooling unit utilizing a 
hermetic compressor for cooling duty. Unit shall discharge supply air as shown on 
contract drawings. Condenser fan/coil section shall have a draw-thru design with 
vertical discharge for minimum sound levels. The unit shall be manufactured by 
Bard Manufacturing Co., Model WA48, or approved equal.   
 

2. QUALITY ASSURANCE 
a.  Unit shall be rated in accordance with ARI Standards 210/240-94 and 270-95. 
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b.  Unit shall be designed in accordance with UL Standard 1995. 
 
c.  Unit shall be manufactured in a facility registered to ISO 9001 manufacturing 

quality standard. 
 
d.  Unit shall be UL listed and c-UL certified as a total package for safety 

requirements. 
 
e.  Roof curb shall be designed to conform to NRCA Standards. 
 
f.  Insulation and adhesives shall meet NFPA 90A requirements for flame spread 

and smoke generation. 
 
g.  Cabinet insulation shall meet ASHRAE Standard 62P. 
 

3. DELIVERY, STORAGE AND HANDLING 
Unit shall be stored and handled per manufacturer’s recommendations. 
 

4.  EQUIPMENT 
 The air conditioning unit shall be provided as specified in the Contract Drawings. 
 

2.12  MISCELLANEOUS HARDWARE 
 

A. Wood Screws  
 Wood screws shall be FS FF-S-111C and Am-1. 
   
B. Nails, Bolts, Lagbolts, Nuts, and Washers 
 Refer to Section 06100-ROUGH CARPENTRY for requirements. 
 
C. Expansion Bolts  
 Expansion bolts shall be Hilti KB3, or equal. 
  
D. Gauge Metal Items 
 All gauge metal items (11-gauge and lighter) shall be fabricated from steel sheet, 

heavily galvanized.  Except where heavier gauges are called for on the Drawings, 
gauge metal items shall not be lighter in gauge than the following: 

 
  Joist Hangers: 
   For 2-inch thick members:    16 gauge 
   For 3-inch and thicker members:   12 gauge 
   Framing Anchors:    18 gauge 
   Framing Clips:    16 gauge 
   Reinforcing Angles:   16 gauge 
   Post Caps:     16 gauge 
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   Post Bases:    12 gauge 
   Tie Straps:     As Noted 

 
2.13  SINK AND VANITY 
The Contractor shall provide and install a 24” by 34.5” wooden vanity with a black mica top, one 
cabinet, one drawer, and one sink such as Grainger 4YK12 Stainless Steel with Grainger 2P948 
faucet. 
 
2.14  FLOOR DRAIN 
The floor drain shall be Harrington Model PVC 4750 or equal, and suitable for temporary 
contact with calcium hypochlorite. 
 
2.15  ACCESSORIES 
Accessories shall be of the recessed or semi-recessed mounted type for stud wall construction, and 
surface mounted for concrete or masonry construction, unless otherwise specified.  All items shall 
be such that grab bars shall not interfere with servicing.  All items shall be of Type 304 stainless 
steel, with No. 4 finish. 
 

A. Soap Dispenser 
 The soap dispenser shall be Bobrick B-4063, or approved equal. 

 
B. Towel Dispenser/Waste Receptacle 
 The towel dispenser/waste receptacle shall be Bobrick B-3949, or approved equal. 
 

PART 3 - EXECUTION 
 
3.01  CONCRETE 
Refer to Drawings and Section 03300-CONCRETE for requirements. 
 
3.02  CONCRETE BLOCK WALLS 
Installation of concrete block walls shall conform to Section 04200-CONCRETE MASONRY 
UNITS.  
         
3.03  CARPENTRY 
All rough carpentry shall conform to Section 06100-ROUGH CARPENTRY.  
 
3.04  BEARING SURFACES AND PLATES 
All bearings shall be full unless otherwise indicated on the Drawings.  Plates in contact with 
masonry or concrete shall be completely bedded to obtain a continuous bearing, to be well 
anchored and bolted as shown. 
 
All bearings surfaces on which structural members are to rest shall be finished, so as to give sure 
and even support.  Where framing members slope, the ends shall be cut or notched as required to 
give a uniform bearing surface. 
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3.05  BLOCKING 
All blocking required to support all items of finish as well as to cut off all concealed draft 
openings, shall be installed. 
 
Fire-blocks, when of wood, shall be two-inches (nominal) in thickness by the full width of the 
opening being blocked.  If the width of the opening is such that more than one piece of lumber is 
necessary, there shall be two thicknesses of 1-inch (nominal) material with broken joints.  Fire-
block shall be installed as required and at the locations shown in the Drawings. 
 
3.06  PLYWOOD 
All plywood shall be placed with face grain perpendicular to supports, continuously over at least 
two supports, except where otherwise specifically shown on the Drawings. 
 
Joints shall be centered accurately over the supports; unless otherwise specifically shown on the 
Drawings.  The end joints of plywood panels shall be staggered to achieve a minimum of 
continuity of joints. 
 
All plywood shall be protected from moisture by use of all required waterproof coverings until 
such plywood has been covered with the next succeeding component or finish. 
 
3.07  NAILS AND SPIKES 
Only common wire nails or spikes of the dimensions shown on the nailing schedule shall be 
used, except where otherwise specifically noted in the Drawings. 
 
For conditions not covered in the nailing schedule, provide penetration into the piece receiving 
the point of not less than ½ the length of the nail or spike provided, however, 16d nails may be 
used to connect two pieces of two-inch (nominal) thickness. 
 
All nailing shall be achieved without splitting wood.  Pre-boring shall be allowed as required.  
All split members shall be replaced. 
 
Holes drilled for bolting shall be 1/16-inch larger in diameter than the bolts being used, and shall 
be straight and true, drilled from one side only. 
 
Bolt threads must not bear on wood; washers shall be used under the head and the nut where both 
bear on wood.  Washers shall be used under all nuts. 
 
Where lag-screws and wood-screws are used, pre-bored holes shall be the same diameter as the 
root of the thread; holes shall be enlarged to shank diameter for the length of shank. 
 
Unless otherwise indicated on the Drawings or as required by pertinent codes and regulations, 
provide at least the following nailing: 
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NAILING SCHEDULE 
 

Blocking to joist bearing 
 

2-10d toenailed each side 

Blocking to joist or stud 
 

2-10d toenailed each side 

One-inch brace to stud 
 

2-8d face nailed 

Two-inch brace to stud 
 

2-16d face nailed 

Built-up beams eight-inches 
or less in depth 
 

16d and twelve-inches on center, 
staggered 

Joists and rafters to support 
At laps (twelve-inches min.)
 

2-10 toenailed each side 

Multiple joists 
 

4-16d face nailed 16d at twelve 
-inches on centers, staggered 
 

Joists to sill or girder 
 

2-16d toenailed 

 
 
3.08 FIBERGLASS INSULATION 
Fiberglass bat insulation shall be installed between all ceiling joists.  Install fiberglass insulation 
as per manufacturer’s recommendations and building code requirements.  Install bats with tight 
contact between insulation and framing.  Use fasteners and fastener spacing as required by 
manufacturer.  Cleanly cut and tightly fit batts around electrical and plumbing components.  
Keep ventilation space unobstructed.  Keep rips and surface damage minimal; repair damage 
wherever it occurs.  Clean the work area and remove all scrap and excess materials from the site.  
Repair or replace defective work as directed by the Engineer. 
 
3.09 WALLBOARD 
All ceilings shall be finished with wallboard (sheet rock).  Locate exposed end-butt joints as far 
from center of walls and ceilings as possible, and stagger not less than 24-inches in alternate 
courses of board.  Install ceiling boards across framing in a manner which minimizes the number 
of end-butt joints, and which avoids end joints in the central area of the ceiling. Stagger end 
joints at least 24-inches.  Install exposed gypsum board with face side out.  Do not install 
imperfect, damaged or damp boards; butt boards together for a light contact at edges and ends 
with not more than 1/16-inch open space between boards; do not force into place.  Position 
boards so that like edges abut, tapered edges against tapered edges and mill-cut or field-cut ends 
against mill-cut or field-cut ends.  Do not place tapered edges against cut edges or ends. 
 
Space fasteners in gypsum boards in accordance with referenced gypsum board application and 
finishing standard and manufacturer's recommendations.  Where wallboard meets with the block 
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wall, the Contractor shall install a 1-inch x 4-inch molding around the complete perimeter of the 
room.  The wallboard shall be attached to the trusses, dimpled, and taped in accordance with 
ASTM C840.  
 
3.10  FINISHING WALLBOARD 
Apply joint treatment at gypsum board joints (both directions), flanges of corner bead, edge trim, 
and control joints; penetrations; fastener heads, surface defects and elsewhere as required.  Prefill 
open joints and rounded or beveled edges, if any, using setting-type joint compound.  Apply joint 
tape at joints between gypsum boards, except where trim accessories are indicated. 
 
Provide smooth finish for interior gypsum wallboard by applying the following joint compounds 
in 3 coats (not including prefill of openings in base), and sand between coats and after last coat: 

 
A. Embedding and first coat:  Setting-type joint compound; 
 
B. Fill (second) coat:  Setting-type joint compound; 
 
C. Finish (third) coat:  Ready-mix drying-type all-purpose or topping compound. 
 

At ceilings, use materials and methods required to achieve a uniform appearance.  Fill joints and 
set tape in setting type compound specified.  Use drying type compound for second coat on joints 
and for skim coat entire surface for uniformity and apply initial texturing material to surfaces 
using specified material. 
 
All wall board and moldings shall be painted in accordance with Section 09900-PAINTING of 
these Specifications. 
 
3.11  FIXTURES AND ACCESSORIES 
Fixtures and accessories shall be securely fastened to the supporting construction in accordance with 
the manufacturer's instructions.  Accessories shall be protected from damage from the time of 
installation until acceptance. 
 
3.12 VENTILATION AND AIR CONDITIONING 
Fans, vents, and air conditioning units shall be installed at locations shown on Drawings and 
shall be installed per manufacturer’s instructions. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
All work as specified herein, satisfactorily completed, shall be paid for on a Lump Sum basis as 
stated in Bid Item Schedule for the item listed below: 
 

Bid Item No. 11 - BUILDING 
 
 

-END OF SECTION- 
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 SECTION 10440 - SIGNS AND SAFETY EQUIPMENT 
 
 Bid Item No. 12 
 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers work necessary to furnish and install all signs, safety equipment, fire 
extinguishers, pipe markers, and all appurtenances as shown on the Drawings and specified 
herein, complete.   
 
1.02  GENERAL 
Signs, pipe markers, and safety equipment shall be furnished and installed as specified herein.  
Where not specifically indicated or specified, fasteners, posts, and other accessories shall be 
provided as required and as recommended by the manufacturer of the specific item. 
 
1.03  SUBMITTALS 
Complete product literature and detailed drawings shall be submitted in accordance with the 
submittals sections. 
 
PART 2 - MATERIALS 
 
2.01  SIGNS 
Signs shall be 10 inches x 7 inches in size and constructed of 0.040-inch aluminum with a baked 
enamel finish.  Signs shall be for outdoor duty, pre-drilled for mounting, and contain OSHA 
heading descriptions as specified herein.  Signs shall be as manufactured by the Seton Name 
Plate Company, New Haven, CT   (800) 243-6624, or an approved equal. 
 
2.02  CONDUIT AND PIPELINE MARKERS 
The conduit or pipe shall be labeled by means of a pre-formed snap-around outdoor grade acrylic 
plastic marker with the condition, direction, and type of fluid marked in bold capital letters.  The 
markers must have the proper coating to ensure resistance to acid and/or other corrosive 
conditions.  All markers shall be OSHA and ANSI color coded, lettered, and comply with the 
requirements of NFPA 704. 
       
2.03  PAINT 
Paint shall be as specified in Section 09900-PAINTING and shall be black in color. 
 
2.04  FIRE EXTINGUISHERS 
Fire extinguishers shall be all-purpose, nitrogen-pressured, ABC dry chemical type and shall be 
U.L rated, with a 10-pound capacity.  Cylinders are to be of heavy-duty steel construction, 
corrosion and impact resistant with a red polyester epoxy finish and a visual pressure gauge. 
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2.05  CHEMICAL HANDLING EQUIPMENT 
The Contractor shall furnish one set of aprons, gloves and eye goggles, each of which shall be 
chemically inert to chlorinated solutions. 
 
PART 3 - EXECUTION 
 
3.01  INSTALLATION 
Signs and pipe markers shall be installed after all equipment and building surfaces have been 
primed and painted.   
 
3.02  SIGNS 
Signs shall be furnished and mounted at various locations described herein, for the propose of 
indicating and defining specific hazards throughout the work area.  Signs with placement 
locations are: 
 

Location No. Required OSHA Heading Wording 

Above Fire 
Extinguishers 

4 (None) FIRE EXTINGUISHER 

Eye Wash Station 1 EMERGENCY SHOWER & EYE 
WASH STATION 

Side of Pump Head 1 CAUTION EQUIPMENT STARTS 
AUTOMATICALLY 

On Wall next to Chlorine 
System 

2 DANGER CHLORINE  

Exterior & Interior 
Doors to Chemical 
Treatment Room(s) 

2 DANGER CHEMICAL 
STORAGE 

Both Doors to Electrical 
Room & Inside of 
Electrical Room 

3 DANGER HIGH VOLTAGE 

 
 
3.03   CONDUITS AND PIPELINES 
All conduits and pipelines shall be labeled as to the condition, direction, and type of fluid 
conveyed. The following table presents the minimum number of markers required.  However, the 
Contractor shall be responsible for labeling all conduits and pipelines, as identified by the 
Engineer.   
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Conduit and Pipe Markers 
 

Pipe or Conduit 
Conduit/Pipe 

Size 
No. 

Required Location Wording for Marker 

Liquid Chlorine 1-1/2 inches 2 Chemical Room Liquid Chlorine 

Potable Water 12 - inch 1 Pump Station 
Piping 

Potable Water 

Water Supply 2 - inch 1 Water Manifold Potable Water 

Water Supply ¾ - inch 1 Water Manifold To Pump Pre-Lube 

Water Supply 1-1/2 - inch 1 Water Manifold To Eyewash Station 

Water Supply ¾ - inch 1 Water Manifold To Outside Hose Bib 

Water Supply ½ - inch 1 Water Manifold To Sink 

Water Supply 1- inch 1 Water Manifold To Irrigation 

Water Supply 1 - inch 2 Water Manifold To Chlorinator 

Water Supply ½ - inch 1 Water Manifold To Pump Control Valve 

 
3.04  FIRE EXTINGUISHERS 
The Contractor shall install fire extinguisher(s) at the location(s) shown on the Drawings.  The 
fire extinguishers shall be wall-mounted. 
 
PART 4 -  MEASUREMENT AND PAYMENT 
 
Signs and safety equipment, satisfactorily completed, shall be paid for on a Lump Sum basis as 
stated in the Bid Item Schedule as listed below: 
 

Bid Item No. 12 - SIGNS AND SAFETY EQUIPMENT 
 
 
 

-END OF SECTION- 
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SECTION 15025 – PIPE 
 

Bid Items No. 13 
 
 
PART 1 B GENERAL 
 
1.01  SCOPE 
This Section consists of furnishing and installing ductile iron pipe (DIP), black steel pipe, polyvinyl 
chloride pipe (PVC), reinforced concrete pipe (RCP), copper tubing, fittings, closure pieces, pipe 
supports, bolts, nuts, gaskets, thrust blocks and all associated appurtenances, complete.   
 
The Contractor shall ensure safety in the trenches, conform to all applicable OSHA requirements and 
provide all sheeting, shoring, or bracing as required.  All materials, labor and workmanship 
associated with the installation of the piping shall conform to the applicable AWWA, ASTM and 
Sacramento County, the City of Citrus Heights, and the Sacramento Suburban Water District 
standards. 
 
Do not prepare any shop drawings for, or make final order for, or design any pipe materials for any 
particular section of pipeline until all utilities that are to remain in that section of pipeline have been 
exposed. 
 
See Sections 02300-EARTHWORK, 02320-TRENCH EXCAVATION AND BACKFILL, and 
03300-CONCRETE, for additional requirements. 
 
1.02  SUBMITTALS 
 

A. Shop Drawings 
The Contractor shall submit complete data on pipe, fittings, linings, coatings, and any 
manufacturer’s installation instructions showing conformance with the applicable 
standard. 
 

B. Certification 
Certification properly executed by the manufacturer shall be furnished to the Engineer 
showing compliance to the applicable standards.  Test data on tests performed shall be 
provided as requested by the Engineer. 
 

1.03  DESIGN PRESSURES 
The design pressure of pipe shown on the Drawings or in these Specifications is the minimum 
required static internal design pressure in pounds per square inch.  The pipe shall be designed for 
this internal pressure, for earth loads, and for an AASHTO H-20 wheel load, all without exceeding 
the allowable design stresses.  Pipe shall be designed for earth and wheel load both with and without 
internal pressure.  In addition, pipe shall be designed for the test pressure specified herein without 
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exceeding 75-percent of yield stresses or joint design pressures.  The design and test pressure for all 
pressurized pipe shall be 150-psi. 
 
All fittings, couplings, valves, and other appurtenances shall be rated for the same or a higher design 
pressure as the pipe they are used on and shall withstand the test pressure without damage. 
 
Provide thrust blocks or restrained joints at valves and fittings as shown or where not shown as 
necessary to prevent the movement or deflection of the pipe when under pressure. Thrust restraint 
design pressure shall be 200% of the pipe design pressure or the test pressure, whichever is greater. 
 
1.04  PIPE DIAMETERS 
The pipe diameters shown on the Drawings and used in these Specifications are inside diameters 
unless specific reference is made to outside diameter of the pipe or the pipe is a standardized product 
normally designated by a nominal size, e.g., ductile iron pipe. 
 
1.05  MARKING AT PLANT 
Each pipe and fitting shall be marked at the plant.  Marking shall include size or diameter and class 
of pipe or fittings, manufacturer=s identification, and date of manufacture. 
 
1.06  ACCESS FOR INSPECTION 
The Engineer and his representatives shall have access to all phases of the work, and the 
manufacturer shall provide proper facilities for access and inspection.  Material, fabricated parts, and 
pipes which are discovered to be defective, or which do not conform to the requirements of this 
Specification, will be subject to rejection at any time prior to final acceptance of the pipe.  The 
Engineer shall be notified a minimum of two (2) weeks prior to manufacture of the pipe or fittings.  
In addition, the Contractor shall give the Engineer three (3) working days advance notice of the start 
of any surface preparation or coating application work. 
 
PART 2 B MATERIALS 
 
2.01  PIPE 
Pipe used in the construction of the water, drainage, sewer, and irrigation systems shall be of the 
type shown on the Drawings.  It shall be the regular product of a firm who has successfully 
manufactured comparable pipe for at least three years.   

 
A. Polyvinyl Chloride Pipe (PVC) for Potable Water Applications 
 
 1. Schedule 40 PVC pipe in sizes ½-inch to 8-inches shall conform to the latest revision 

of ASTM D1785, ASTM D2467 and ASTM D2665.  The PVC pipe shall be 
manufactured in sections not to exceed 20-feet in length.  The Contractor shall use 
gasketed bell and spigot pipe.  Pipe and couplings shall be US manufactured by 
Johns-Manville, Certainteed, PW Pipe, Royal Pipe, or approved equal. 
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 2. Schedule 80 PVC pipe in sizes ½-inch to 8-inches shall conform to the latest revision 
of ASTM D1785, ASTM D2467 and ASTM D2665.  The PVC pipe shall be 
manufactured in sections not to exceed 20-feet in length.  The Contractor shall use 
either solvent weld or gasketed bell and spigot pipe.  Pipe and couplings shall be US 
manufactured by Johns-Manville, Certainteed, PW Pipe, Royal Pipe, or approved 
equal. 

 
 3. PVC pipe for potable water use 4-inches to 12-inches in diameter shall conform to 

the latest revision of AWWA Standard C900. The Contractor shall use the class of 
pipe stated on the Drawings.    The PVC pipe shall be manufactured in cast-iron 
O.D.'s and in sections not to exceed 20-feet in length.  The Contractor shall use either 
plain end pipe with elastomeric couplings or gasketed bell and spigot pipe.  Pipe and 
couplings shall be US manufactured by Johns-Manville, Certainteed, PW Pipe, Royal 
Pipe, or approved equal. 

 
B. Polyvinyl Chloride Pipe (PVC) for Gravity Sewage Applications. 
 PVC pipe shall be SDR 26 with integral bell gasket joints and conform to the latest 

revision of ASTM D3034 for diameters from 4-inches to 15-inches.  Rubber gaskets 
shall be factory installed and conform to ASTM F477.  Pipe joints shall conform to 
ASTM D3212. 

 
C.  Chlorinated Polyvinyl Chloride (CPVC) 
 CPVC pipe and fittings shall conform to ASTM D 2846, ASTM D1784 and shall 

conform to National Sanitation Foundation (NSF) Standard 61.  Pipe and fittings shall be 
manufactured as a system and be the product of one manufacturer.  Solvent cement joints 
shall be made in a two step process with primer manufactured for thermoplastic piping 
systems and solvent cement conforming to ASTM F493. 

 
 D. Ductile Iron Pipe (DIP) 

Ductile iron pipe shall be Class 50 or Class 350 and shall conform to ANSI A21.51 
(AWWA C151) for a minimum working pressure of 150-psi unless otherwise specified.  
(US Pipe, Tyler Pipe, Griffin Pipe) Ductile iron castings shall conform and be tested in 
accordance with ASTM A536.  Casting grade for pipe shall be 60-42-10.  Laying length 
shall be the manufacturers standard length, not to exceed 20-feet.  Shorter lengths may 
be used when required for closures and proper location of special sections.  The interior 
surface of all DIP shall be cement-mortar lined and seal coated in conformance with 
AWWA C104. Cement mortar shall be ASTM C150, Type II or V, low alkali, containing 
less than 0.06 percent alkalis.  The exterior surface of pipe to be laid underground shall 
have a bituminous coating of either coal tar or asphalt base, approximately 1-mil thick in 
accordance with AWWA C151.  The exterior surface of pipe to be installed above 
ground shall be coated with a Moisture-Cured Urethane (MCU) universal primer. Joints 
shall be push-on or mechanical type and shall conform to ANSI 21.11 (AWWA C111).  
Poly wrapped ductile iron shall not be used. 
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E. Rubber Gasketed Reinforced Concrete Pipe (RGRCP) 
 Reinforced concrete pipe shall conform to the specifications of ASTM Designation C 76. 

Joints for concrete pipe shall be rubber gasketed bell and spigot or other approved type, 
and shall be of such a design that when properly laid, they shall have a smooth and 
uniform interior surface.  Each joint and all connections to manholes shall be sealed to 
prevent leakage.  Sealing materials shall consist of cement mortar, rubber gasketed 
joints, or resilient materials conforming to Section 65-1.06A, 65-1.06B, and 65-1.06C of 
the CalTrans Standard State Specifications. 

 
F.  Copper Tubing 
 Copper tubing for use in underground water service shall be Type K hard copper tubing 

and compression fittings.  Copper tubing for use in interior water service shall be Type K 
hard copper tubing and compression or lead-free solder sweat connections. 

 
G. Black Steel Pipe  
 All black steel pipe size 4-inches in diameter and smaller shall conform to the 

requirements of ASTM A120, and shall be Schedule 40.  Black steel piping 5-inches in 
diameter and larger shall conform to the requirements of ASTM A53, Schedule 40 and 
shall be Grade B.  Butt-welded flanged fittings shall conform to ASME B16.5. 

  
H. Welded Steel Pipe 

Welded steel pipe shall be manufactured of steel plate of the thickness shown on the 
Drawings.  Where not shown, the thickness shall be not less than 3/16 of an inch for pipe 
24-inches in diameter and smaller, and not less than ¼-inch for larger sizes.  Pipe 
materials, fabrication, and shop testing of straight pipe shall conform to the requirements 
of the "AWWA Standard for Steel Water Pipe 6 Inches and Larger" (AWWA C200).  All 
outlets, 4-inch diameter and larger, shall be provided with reinforcing designed for the 
water working pressure specified or shown.  Shop drawings of all welded steel pipe, 8-
inches in diameter and larger shall be furnished in accordance with the General 
Conditions.  For pipe 14-inches in diameter and larger, the inside diameter after lining 
shall be not less than the nominal diameter specified or shown.  Pipe smaller than 14-
inches in diameter may be furnished in standard outside diameters.  
  

2.02 FITTINGS AND COUPLINGS 
 

A. PVC Bell-and-Spigot and Solvent Weld Fittings 
Bell-and-spigot and solvent weld type PVC fittings shall be standard commercial 
products fabricated by molding or by extrusion and machining and shall conform to the 
requirements of ASTM D2241 and these Specifications.  The manufacturer of the fittings 
shall be in accordance with good commercial practice so as to produce fittings 
compatible with the type of PVC pipe furnished.  Dimensions and tolerances of fitting 
joints shall conform to the tolerances of the PVC pipe furnished.  The minimum burst 
strength of the fittings shall be not less than that of the adjacent pipe. 
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B. High Deflection Couplings for Polyvinyl Chloride Pipe 
High deflection couplings shall be manufactured of extruded PVC coupling stock with a 
rated working pressure of 150-psi.  Couplings shall meet the requirements of AWWA 
C900 Municipal Water Pipe.  Couplings shall be High Deflection Stop Couplings by 
Certainteed, or approved equal. 
 

C. Ductile Iron Fittings 
Fittings shall be of ductile iron conforming to the requirements of "American National 
Standard for Gray-Iron and Other Liquids" (AWWA C110).  (Tyler, Sigma) Fittings 
shall be lined with cement mortar in accordance with the requirements of the "American 
National Standard for Cement-Mortar Lining for Cast-Iron and Ductile-Iron Pipe and 
Fittings for Water" (AWWA C104).  The exterior surface of fittings to be installed 
underground shall have a bituminous coating of either coal tar or asphalt base, 
approximately 1-mil thick in accordance with AWWA C151.  The exterior surface of 
fittings to be installed above ground shall be coated with a Moisture-Cured Urethane 
(MCU) universal primer. Joints between PVC pipe and cast-iron valves or fittings shall 
be mechanical joint or approved equal.  AWWA C153 compact fittings may also be used 
as an approved equal.  Fittings shall be of a class at least equal to that of the adjacent 
pipe.  Cast iron fittings are not permitted. 

 
D. Flanged Coupling Adapters 

Flanged coupling adapters shall be wrought steel or cast iron capable of withstanding the 
designated internal pressure without leakage or overstressing and shall be fusion epoxy 
lined and coated.   

 
E. Flexible Couplings 

Flexible couplings for use with steel pipe shall be Omni 441; Romac 501; or equal.  
Flexible couplings for use with ductile iron pipe shall be Omni 441; Romac 501; or 
equal.  Diameter of the coupling shall be compatible with the outside diameter of the 
pipe on which the coupling is installed.  Furnish all joint accessories with couplings.  
Bolts and nuts shall be zinc-coated.  Steel middle rings shall be pressure tested beyond 
the yield point.  Verify dimensions of all existing pipelines in the field before ordering 
couplings.  Middle rings and followers shall be fusion epoxy lined and coated. Cast iron 
couplings, bolts, nuts, followers, and miscellaneous steel shall be shop primed in 
accordance with Section 09900-PAINTING. 

 
Epoxy coated steel style flanged couplings shall consist of a steel body, steel or 
malleable iron follower rings, and steel bolts.  Steel flanged coupling shall be as 
manufactured by Rockwell International, Inc.; Romac Industries, Inc.; or equal.  Cast-
style flexible coupling shall consist of a cast iron middle ring, malleable iron follower 
rings, and steel bolts.  Cast flexible couplings shall be as manufactured by Rockwell 
International, Inc.; Romac Industries, Inc.; or equal. 
 
Verify dimensions of all existing pipelines in the field before ordering couplings. 
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F. Transition Couplings 

Flexible transition couplings shall be bolted, with ductile iron sleeve and end rings, 
fusion epoxy lined and coated, Ford Model 501, Omni 441, Romac 501, or equal.  
Diameter of the coupling shall be compatible with the outside diameter of the pipe on 
which the coupling is installed.  Furnish all joint accessories with flexible couplings. 

 
G. Expansion Joints 

Flexible expansion joints shall be spool type, double hollow arch, and operate up to a 
minimum pressure of 150 pounds per square inch.  Flanges shall have a class rating of 
150 pounds per square inch.  Expansion joints shall also include A36 carbon steel 
retaining rings and control units to protect against elongation.  Expansion joints shall be 
Garlock model 204HP or equal. 
 

H. Flanges 
Unless otherwise shown on the Drawing, all flanges shall conform to AWWA C207 
Class E.  Steel ring flanges, 270-275 psi, shall match drilling pattern of ANSI B16.5 150 
psi Standard for steel flanges.  If 300-lb. class flanges are shown, they shall conform to 
ANSI B16.5 300-lb. class.  Flanges shall have flat faces.  Pipe flanges shall be attached 
with bolt holes straddling the vertical axis of the pipe unless otherwise shown.  
Attachment of the flanges to the pipe shall conform to the applicable requirements of the 
above-referenced AWWA Standard C207. 

 
I. Nuts Bolts and Gaskets 

Nuts and bolts shall be of carbon steel, ASTM A307, Grade A, hex head; the sizes and 
quantities recommend in AWWA C207.  Gaskets for flanged joints shall be U.S. Pipe 
rubber gaskets in one piece conforming to AWWA C207, 1/8-inch thick.    Gasket 
material shall be free from corrosive alkali or acid ingredients.  Segmented straight-joint 
or interlocking gaskets will not be accepted. 
 

2.03  APPURTENANCES 
 

A. Service Saddles 
 Service saddles shall be brass, manufactured by Mueller or James Jones. 

 
B. Coal Tar Tape 
 Coal Tar Tape shall be in conformance with AWWA C203. 
 
C.  Butyl Rubber Tape Wrap 
 Tape wrap shall be 15-mil butyl rubber adhesive, polyethylene-backed tape as produced 

by Polyken Division of the Kendall Company, Boston, MA; Royston Laboratories, Inc., 
Pittsburg, PA; or equal. 

 
D. Copper Tracing Wire 
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 Copper tracing wire shall be No. 10 A.W.G. insulated copper wire.  Insulation shall be 
1/16-inch PVC.   

 
E.  Warning Tape – non detectable 
 Warning tape shall be 3-inch wide, nominal 4.0 mil overall thickness of polyethylene 

film formulated to resist degradation due to acid and alkaline soils.  The color of the 
water line tape shall be blue and in black bold letters printed “WATER.”   

 
F. Joint Lubricant 
 Furnish joint lubricant with the pipe.  Furnish the amount and type recommended by the 

pipe manufacturer.  The lubricant for water pipes shall be a water-soluble, nontoxic, 
vegetable soap compound conforming to United States Pharmacopeoia No. P39. 

 
G.  Feeler Gauge 
 Furnish sufficient feeler gauges of the proper size, type, and shape for use during 

installation to check the rubber gaskets. 
  

H. Concrete for Thrust Blocks and Concrete Encasement 
 Concrete shall conform to Section 03300-CONCRETE. 
 

2.04  FUSION EPOXY LINING AND COATINGS 
Fittings, and flanges to be lined and coated with epoxy shall be lined and coated with a fusion-
bonded epoxy coating (12 to 15-mil thickness) conforming to AWWA Standard C213.  The lining 
and coating material shall be 100% solids, thermosetting, fusion-bonded, dry powder epoxy resin, 
such as AScotchkote No. 203" (3M Company) or approved equal, applied by either the electrostatic 
or fluidized-bed method. 
 
PART 3 - EXECUTION 
 
3.01  TRENCH EXCAVATION AND BACKFILL 
Conform to the requirements of Section 02320-TRENCH EXCAVATION AND BACKFILL. 
 
3.02  PREPARATION AND HANDLING 
All pipe, fittings, and appurtenances shall be installed in accordance with the manufacturer's 
recommendations and according to accepted water works practice.  Each section of pipe and each 
fitting shall be thoroughly cleaned out before it is installed.  All pipe, fittings, and appurtenances, 
shall be carefully lowered into the trench by suitable tools or equipment in such a manner as to 
prevent any damage, particularly to any lining and coating.  When required by the Engineer, 
approved slings shall be used to lower the pipe.  Under no circumstances shall pipe or accessories be 
dropped into a trench. All pipe, fittings and appurtenances, shall be examined for defects before 
lowering into the trench.  Any defective, damaged, or unsound materials shall be rejected. 
 
 
3.03  DIRECTION OF LAYING 
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On slopes of 10-percent or less, the pipe may be laid in either direction on the slope.  On slopes 
exceeding 10-percent, the pipes shall be laid in the uphill direction, unless otherwise permitted by 
the Engineer.  For pipes with push-on joints, the bell end shall normally face the direction of laying. 
 
3.04  ALIGNMENT 
Pipelines intended to be straight shall be so laid, and in no case shall deviation from a straight line 
exceed 0.30-foot for line and 0.10-foot for grade from the line and grade shown on the Drawings.  
Where pipelines are to be laid on a curve by means of unsymmetrical closure of spigot into bell, the 
pipe may be deflected at the joints.  Under no circumstances shall the deflection exceed 75-percent 
of the maximum as recommended by the pipe manufacturer.  Horizontal or vertical deflections may 
be achieved by pulling the pipe on PVC installations up to 75-percent of the maximum as 
recommended by the pipe manufacturer.   
 
Where horizontal or vertical curves are shown in the alignment which cannot be installed by joint 
deflection of standard pipe lengths or by pulling the pipe on PVC installations, the Contractor with 
the Engineer’s approval, may select from the following options: 
 

A. Use shorter pipe lengths and allowable joint deflection as specified. 
 
B. Use special mitered joints. 
 
C. Use standard or special fabricated bends. 
 
D. Use high deflection couplings. 

 
If alternates “B” or “C” are used, thrust blocking may be required.  If the Engineer determines that 
thrust blocking is necessary, it shall be furnished at no additional cost to the Owner. 
 
3.05  LAYING AND JOINTING PIPE AND FITTINGS 
Materials used in jointing pipe shall only be that furnished with the pipe or recommended by the 
manufacturer.  After a section of pipe has been lowered into the prepared trench, clean the end of the 
pipe to be joined, the inside of the joint, and the rubber ring immediately before joining the pipe.  
Make assembly of the joint in accordance with the recommendations of the manufacturer.  Provide 
all special tools and appliances required for the jointing assembly. 
 
The gasket position shall be checked with a feeler gauge, furnished by the pipe manufacturer, to 
assure proper seating.  After the joint has been made, check pipe for alignment and grade.  Apply 
sufficient pressure in making the joint to assure that the joint is "home” at the stab line, as defined in 
the standard installation instructions provided by the pipe manufacturer.  To assure proper pipe 
alignment and joint makeup, place sufficient pipe zone material to secure the pipe from movement 
before the next joint is installed. 
 
Take the necessary precautions required to prevent excavated or other foreign material from entering 
the pipe during the laying operation.  At all times, when laying operations are not in progress, at the 
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close of the day's work, or whenever the workers are absent from the job, close and block the open 
end of the last laid section of pipe with water tight plugs or bulkheads to prevent entry of foreign 
material or creep of the gasketed joints. 
 
Take all precautions necessary to prevent the "uplift" or floating of the line prior to the completion 
of the backfilling operation. 
 
Flexible expansion joints shall be installed against full-face flanges on each side of joint to protect 
fitting from cracking. 
A plain end shall be used when making up a mechanical fitting. 
 
3.06  UNSUITABLE CONDITIONS FOR LAYING PIPE 
Do not lay pipe in water, or on an unstable trench bottom, or when in the opinion of the Engineer, 
trench conditions are unsuitable.   
 
3.07  PIPE CUTTING 
When cutting and/or machining the pipe is necessary, use only tools and methods recommended by 
the pipe manufacturer.  All field-cut PVC shall be beveled and lubricated before joining. 
 
3.08  COPPER TRACING WIRE 
All runs of non-metallic pipe shall have locating wire laid along the top of the pipe and at all valves 
and appurtenances and held in place with ties or hitches of the same kind of wire, except RCP pipe 
used for storm drains or overflow lines.  The ties or hitches shall be spaced not more than 20-feet 
apart.  The copper wire is to be used in the future as a means of locating the pipe with an 
electronic-type pipe locator.  The copper wire shall be brought to the surface in each valve box so a 
direct connection can be made to the electronic pipe locator.  Care shall be taken to insure no "open" 
circuits occur.  Splice tracing wire by stripping insulation and twisting bare copper wires together 
and soldering or electrical wire nuts may be used to form a permanent connection.  Wrap connection 
with standard black electrical tape. 
 
3.09  THRUST BLOCKS 
All pipeline tees, plugs, caps, bends, and other locations where unbalanced forces exist shall be 
thrust restrained as shown or specified. 
 
Thrust blocks shall be installed such that the thrust block shall extend from the fitting to undisturbed 
soil, and shall be of such bearing area as to assure adequate resistance to the force to be encountered. 
Minimum size of thrust blocking shall be in accordance with the standard detail shown on the 
Drawings. The excavation configuration and soil conditions may require additional concrete.  
Additional concrete shall be furnished and installed as a part of the contract prices at no additional 
cost to the Owner.   
 
Thrust blocks shall be kept clear of the joints so that the pipe and fitting joints will be accessible for 
repairs, unless otherwise directed.  Side forms shall be used to contain the concrete.  The concrete 
shall be placed in accordance with Section 03300-CONCRETE. 
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3.10  CONCRETE ENCASEMENT 
Concrete encasement shall be installed as indicated on the Drawings.  All pipe to be encased shall be 
suitably supported and blocked in proper position, and shall be anchored to prevent flotation.  
Except for welded joint pipe, a flexible joint shall be provided within 18-inches or as shown on the 
Drawings, from the terminations of any concrete encasement. 
 
3.11  BEVELED PIPE 
Sections of pipe with one or both ends beveled may be used for curved alignment.  Beveled pipe 
shall have a maximum deflection of five (5) degrees from a plane perpendicular to the pipe axis 
unless otherwise shown on the Drawings or approved by the Engineer. 
 
3.12  THREADED JOINTS 
Threaded joints, for service connections, air release assemblies, etc., shall be made with Teflon 
Plumber's Tape. 
 
3.13  REINFORCED CONCRETE PIPE JOINTS 
Each joint shall be sealed to prevent leakage.  Joints sealed with cement mortar or resilient materials, 
shall be sealed both inside and outside. 
 
If cement mortar is used in sealing the joint, the sealed joint shall be protected and cured in a manner 
approved by the Engineer.  If the sealing material will not adhere to the pipe, or if a portion of the 
outside of the joint is inaccessible, the Contractor shall use a "diaper" or other method approved by  
the Engineer to properly seal the joint. 
 
Immediately prior to making a cement mortar joint, the tongue and inside of the groove shall be 
thoroughly wetted with clean water. 
 
3.14  WRAPPED PIPE 
Field-applied tape wrap on minor piping shall be applied in accordance with manufacturer=s 
instructions and as follows:  Clean items with power brushes to remove rust, scale, or other material. 
Grind or file smooth any sharp burrs that will damage the wrap and solvent clean to remove oils or 
greases.  Apply primer and spiral wrap with a 50-percent overlap to form a double layer.  Apply with 
enough tension to make wrap conform to the surface without wrinkles, but do not stretch 
excessively. Roll or press the overlap seams to ensure complete bonding. 
 
3.15  TESTING 
All pipe and appurtenances shall be hydrostatically tested.  See Section 15950-PERFORMANCE 
TESTING AND FACILITY STARTUP for Specifications. 
 
 
PART 4  - MEASUREMENT AND PAYMENT 
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Piping, including fittings, closure pieces, pipe supports, bolts, nuts, gaskets, thrust blocks and all 
associated appurtenances, satisfactorily completed, will be paid for on a Lump Sum basis as stated in 
the Bid Item Schedule for the items stated below: 
 

Bid Item No. 13 - PIPE 
 

 
 

-END OF SECTION- 
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 SECTION 15110 - VALVES AND RELATED APPURTENANCES 
 

Bid Item No. 14 
 
 
PART 1 - GENERAL 
 
1.01 SCOPE 
This Section covers the work necessary for furnishing and installing butterfly valves, globe valves, 
gate valves, check valves, flow meters, flow transmitters, backflow preventers, corporation stops, 
ball valves, combination air/vacuum valves, valve boxes, and all related appurtenances, complete.   
 
1.02  SUBMITTALS 
The Contractor shall submit complete specifications, data, and catalog cuts or drawings covering the 
items furnished under this section. 
 
PART 2 - MATERIALS 
 
2.01 GENERAL 
The Contractor shall furnish and install all valves as shown and specified.  All valves shall be 
designed for and have a working pressure class rating equal to or greater than the design pressure 
shown on the Drawings for the adjoining pipe.  Valves shall be capable of withstanding the field test 
pressure of the connecting piping without damage. All valves of one type and class shall be by the 
same manufacturer. 
 
Each valve body shall be shop tested under a test pressure equal to twice its design water-working 
pressure, by the manufacturer, unless otherwise specified. 
 
2.02  BUTTERFLY VALVES 
Butterfly valves shall be Class 150 and shall meet or exceed the requirements of AWWA Standard 
C504.  Valves shall be manufactured by Clow, Mueller, Pratt, or approved equal.  When specified 
for underground service, valves shall be fusion epoxy coated and suitable for buried service, shall be 
equipped with a 2-inch square operating nut, and shall open CCW.  Unless shown otherwise on the 
Drawings, valves shall be furnished with flanged, push-on or mechanical joint ends.  Valves for 
above-ground service shall be equipped with a manual gear actuator, handwheel, and position 
indicator.  Valves shall be designed and manufactured to shut off bubble tight at the rated pressure in 
either direction at a maximum flow rate of 16 feet per second.  Each valve shall be given a 
hydrostatic and seat test with the test results being certified. 
 
2.03 GATE VALVES - 3 INCHES OR SMALLER 
Gate valves 3-inches and smaller shall be bronze-bodied, have wedge discs with full-open ports, 
rising stems, threaded ends, and rated 125-pounds WSP and 200-pounds WOG.  All valves shall be 
manufactured by the Ohio Brass Company, Mansfield, Ohio or an approved equal. 
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2.04  GATE VALVES -  4 INCHES OR LARGER 
Gate valves shall be Class 150, resilient seat, and shall meet or exceed the requirements of AWWA 
Standard C509.  When specified for underground service, valves shall be suitable for buried service, 
be equipped with a 2-inch square operating nut and shall open CCW.  Unless otherwise shown on 
the Drawings, valves shall be furnished with flanged or mechanical joints.  Valves for above-ground 
service shall be open stem and yoke, rising stem valves, and equipped with wheel handles. 
 
2.05  CHECK VALVE - SWING TYPE - 3 INCHES AND SMALLER 
Check valves 3-inches or smaller shall be bronze-bodied, swing-type brass discs, threaded ends, and 
rated 125-pounds WSP and 200-pounds WOG.  Valves shall be manufactured by the Ohio Brass 
Company, Mansfield, Ohio or an approved equal. 
 
2.06  CHECK VALVE – GLOBE STYLE, SPRING LOADED, SILENT CHECK  
Silent check valves shall be designed with semi-steel bodies, bronze seat, bronze plug, and stainless 
steel spring.  The valve plug shall be center guided at both ends with a through integral shaft and 
spring loaded for guaranteed silent shut-off operation.  The spring shall be helical or conical.  The 
seat and plug shall be hand replaceable in the field for ease of maintenance.  The flow area through 
the body shall be equal to or greater than the cross-sectional area of the equivalent pipe size.  Valves 
shall be APCO Series 600 for 3-inch to 42-inch valves, as manufactured by Valve and Primer 
Corporation, or approved equal.   
 
2.07   BALL VALVES 
Ball valves shall be bronze, Mueller 300 TM Ball Valves, or equal.  The valves shall be designed to 
the test pressures shown on the Drawings. 
 
2.08  GLOBE VALVES 
Globe valves shall be Class 150, resilient seat and have outside screw and yokes with rising stem 
and be equipped with wheel handles.  Unless otherwise specified on Drawings, valves shall be 
furnished with flanges. 
 
2.09  CORPORATION STOPS 
Corporation stops shall be ball valves, bronze, as manufactured by Mueller B-25028 or B-20013, 
Ford FB 500 or equal.   
 
2.10 AIR RELEASE AND VACUUM VALVES 
The valves shall be designed to operate under the same test pressures as the pipe to which they are 
attached.  The valves shall have cast iron bodies and covers and stainless steel floats.  Float guides, 
bushings, and linkage shall be stainless steel or bronze.  The location, inlet size, and valve type are 
shown on the Drawings.   
 
Valves shall have flanged or threaded ends to match piping.  Seat washers and gaskets shall be of a 
material ensuring water tightness with a minimum of maintenance.  
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Valves shall be APCO as manufactured by Valve and Primer Corporation, Crispin as manufactured 
by Multiplex Manufacturing Company; Empire as manufactured by GA Industries, Inc.; or equal. 
 

A. Air Release Valves 
 Air release valves (ARV) shall have a small venting orifice to vent the accumulation of 

air and other gases with the line or system under pressure.  Size and capacity shall be as 
specified on the Drawings.   

 
B. Air and Vacuum Valves 

Air and vacuum valves (A&V) shall have a large venting orifice to permit the release of 
air as the line is filling or relieve the vacuum as the line is draining or is under negative 
pressure.  Size and capacity shall be as specified on the Drawings. 

 
C. Combination Air Release Valves 

Combination air release valves (CARV) shall have operating features of both the air and 
vacuum valve and the air release valve.  They include both single- and dual-body 
construction.  Size and capacity shall be as specified on the Drawings. 

 
2.11  PIPE AND FITTINGS (AIR VALVE ASSEMBLIES) 
The pipe and fittings shall be minimum Class 150 psi.  The 2-inch diameter and smaller pipe shall be 
steel or brass.  Fittings shall be brass or malleable iron.  Above-ground pipe and fittings may be 
galvanized.  All pipe exposed to view shall be galvanized. 
 
2.12  BRONZE APPURTENANCES 
Unless otherwise specified, all interior bronze parts of valves except gate valve stems, shall conform 
to the requirements of the "Specification for Composition Bronze or Ounce Metal Castings" (ASTM 
B62).  Gate valve stems shall be of bronze containing not more than 5-percent of zinc nor more than 
2-percent of aluminum, and shall have a minimum tensile strength of 60,000 psi, a yield strength of 
40,000 psi, and an elongation of at least 10-percent in 2-inches, as determined by a test coupon 
poured from the same ladle from which the valve stems to be furnished are poured. 
 
2.13  FLANGES 
The flanges of valves shall be plain faced and shall have a pressure rating equal to or greater than the 
pressure class of the adjoining pipe.  Flanges of valves for water-working pressures of 175-psi or 
less shall be faced and drilled to 125-lb. American Standard template.  Flanges of valves for 
water-working pressures greater than 175-psi shall be faced and drilled to 250-lb. American 
Standard template. 
 
2.14  BOLTS, NUTS, AND GASKETS 
Flange gaskets shall be in accordance with applicable parts of ANSI B16.21 and AWWA C207.  
Gaskets shall be 1/8-inch thick rubber manufactured by U.S. Pipe.  Bolts and nuts for joints shall be 
carbon steel, ASTM C307, Grade A, hex head, and shall conform to AWWA C207. 
 
2.15  VALVE JOINTS 
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Joint materials for mechanical joint or push-on joint for ductile iron pipe shall conform to AWWA 
C111.  Joint materials for flanged joints shall consist of 1/8-inch thick rubber gaskets, rubber 
manufactured by U.S. Pipe conforming to Section 2 of AWWA C207.  Bolts and nuts shall conform 
to Section 2 of AWWA C207.   
 
2.16  VALVE OPERATORS 
Valve operators shall be of the ACME screw, traveling-nut type, sealed, gasketed, and lubricated for 
underground service.  The operators shall be designed to meet the input torque requirements of 
AWWA C504 with a maximum pull of 80-pounds on a handwheel and a maximum input of 150 
foot-pounds on an operating nut.  They shall be capable of withstanding an overload torque of 450 
foot-pounds at full-open or full-closed position without damage to the valves or valve operators.  
They shall be designed to resist submergence in water to 10-foot head pressure. 
 
All valves shall open counterclockwise (CCW).  All buried valves shall be equipped with a 2-inch 
operating nut.  Operating nuts shall comply with the requirements of AWWA Specification C500, 
where applicable. 
 
2.17  VALVE OPERATING EXTENSION 
A valve operating extension shall be required whenever the valve is installed such that the operating 
nut is more than 32-inches below finished grade.  The valve operating extension shall be constructed 
of steel with a 2-inch square-operating nut and include a centering ring. 
 
2.18  WATER VALVE BOXES 
Water valve boxes shall be Christy G-5 or South Bay B-20, having a cast iron face and cast iron 
traffic lid.  Covers shall be marked "WATER", and shall have a loose fit in the box.  Valve box 
risers shall be fabricated from 8-inch diameter SDR PVC pipe. 
 
2.19  DRAIN VALVE BOXES 
Drain valve boxes shall be Christy B-48 utility boxes or equal.  Valve boxes shall be high-density 
reinforced concrete with non-settling shoulders.  Covers shall be 2-piece reinforced concrete.  Valve 
box risers shall be reinforced concrete. 
 
2.20  DRAIN ROCK 
Drain rock shall be crushed rock as specified in Section 02300-EARTHWORK. 
 
2.21  BACKFLOW PREVENTION ASSEMBLY 
The backflow prevention assembly shall comply with AWWA C506, shall be of the reduced 
pressure principle type, and shall consist of a dual check valve assembly with reduced pressure zone 
between the check valves.  A tight-closing shutoff valve shall be provided on each end of the device. 
 Backflow preventers in 2-inch and smaller sizes shall be Wilkins Model 975, Febco 825Y or Watts, 
 with bronze body and threaded end connections, or equal 
 
2.22  PUMP CONTROL VALVE 
The pump control valve shall be 150 pound class rating, with flanged ends, Cla-Val Model 661-02.  
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Size of the valve is shown on the plans.  The valve shall be a diaphragm-actuated, single-seated, 
composition disc, hydraulically operated valve.  The diaphragm assembly containing a valve stem 
shall be fully guided at both ends by a bearing in the valve cover and an integral bearing in the valve 
seat.  The diaphragm assembly shall be the only moving part, and shall form a sealed chamber in the 
upper portion of the valve for valve operation.  The diaphragm shall consist of a nylon fabric bonded 
with synthetic rubber and shall not be used as a seating surface.  Control of valve operation shall be 
by means of an externally mounted solenoid pilot valve.  External packing glands or stuffing boxes 
are not permitted in the main valve.  Pressure from the system side of the check valve shall be used 
for pilot valve operation.  A micro-switch shall be installed to control the pump circuitry.  The valve 
shall be fitted with ¼-inch ball valve isolation valves, a position indicator post, pressure gages on the 
inlet and outlet ports, and external wye strainers on the pilot system.  All necessary repairs shall be 
possible without removing the valve from the mainline. Per the electrical drawings, the valve shall 
be equipped with two limit switches that are capable of indicating whether the valve is opened or 
closed.    
 
2.23   PRESSURE GAUGES 
General purpose pressure gauges shall be 2 ½-inch diameter, 304 stainless steel bodied, have a 
shatter-resistant glass window, have a 304 stainless steel white background dial with black 
markings, an adjustable stainless steel black pointer with the movement and bourdon tube made of 
300 series stainless steel.  The gauge shall be fitted with ¼-inch ANPT stem mount and shall be 
liquid filled with 200 cs silicone oil.  The dial range shall be from 0 to 160 pounds per square inch 
with 10-pound intermediate graduations, unless otherwise specified. Pressure gauges shall be 
equipped with a bleed cock. 
 
2.24  COATINGS 
The interior of valves, unless of non-corrosive materials, shall be coated with the standard 
manufacturer’s coating, except for fabricated steel components. The interior fabricated steel 
components of valves and the exterior of all valves shall be coated in accordance with Section 
09900-PAINTING. 
 
2.25  FLOW METERS 
The flow meter shall be a self-contained, obstructionless, volumetric, magnetic flow meter and shall 
be of the same diameter of the discharge station piping. The unit shall be complete with an 
instantaneous flow indicator in gallons per minute, six-digit straight reading totalizer, and register 
transmitter assembly for transmitting dual 4-20 ma signals and a pulse rate output signal 
proportional to the rate of flow for telemetry purposes.   Additionally, the meter shall be equipped 
with an amplifier and digital remote readout location without splicing.  Accuracy shall be plus or 
minus 2-percent for each particular installation.  Register shall indicate instantaneous flow rate in 
gallons per minute and cumulative flow in 1000 gallons.  Flow meter shall be field calibrated.  The 
meter shall be capacble of The Contractor shall furnish a remote readout As there is no known equal, 
the meter shall be the UltraMag, Model Mx UltraMag as manufactured by McCrometer.  
 
2.26  FIRE HYDRANTS 
See Owner Standards.  
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2.27  PRESSURE REDUCING VALVES 
Pressure reducing valves shall be bronze bodied and suitable for inlet water pressures up to 300 psi.  
The combined metal components of the valve contacted by potable water shall contain less than one 
half of one percent (0.5%) lead by weight.  Valve shall be Watts Regulator Company Series LF 
25AUB-Z3. 
 
2.28  FLOW CONTROL VALVES 
Flow control valves shall be bronze bodied with Type 304 stainless steel cartridge and stainless steel 
spring, rated at 250 psi.  The valve shall be manufactured by Griswold Controls, Model 3528FA. 
 
2.29 WATER SERVICE METERS 
 

A. Meter Setters 
See Owner standards 

 
B. Meter Boxes 

See Owner standards 
 
C. Water Meters 

Water meters to be furnished and installed by District at no cost to Contractor. 
 
PART 3 - EXECUTION 
 
3.01  GENERAL 
Valve-operating units, stem extensions and other accessories shall be furnished and installed by the 
Contractor where shown, or where required in the opinion of the Engineer to provide for 
convenience in operation.  Where buried valves are indicated, the Contractor shall furnish and install 
valve boxes to grade.  All valves shall be new and of current manufacture. 
 
Provide coating for all buried valves, flange joints and couplings as follows: 
 
 1. Buried Nuts and Bolts: All buried nuts, bolts, washers, tie-rods shall be type 316 

Stainless Steel. Provide suitable anti-gauling compound to reduce gauling. 
 
3.02  VALVES 
Before installation, the valves shall be thoroughly cleaned of all foreign material, and shall be 
inspected for proper operation, both opening and closing, and to verify that the valves seat properly. 
 Valves shall be installed so that the stems are vertical, unless otherwise directed by the Engineer.  
Jointing shall conform to AWWA C600 or AWWA C603, whichever is applicable.  Valves shall be 
installed as depicted on the Drawings.  Joints shall be tested with the adjacent pipeline.  If joints leak 
under test, valves shall be disconnected and reconnected, and the valve and/or the pipeline retested. 
 

 
Sacramento Suburban Water District  
Verner Ave. Well And  November 2008 
Treatment Facilities Valves and 
LSCE 07-3-075 15110-6 Appurtenances 



 

Faces of flanges shall be cleaned thoroughly before flanged joint is assembled.  After cleaning, the 
gasket shall be inserted and the nuts tightened uniformly around the flange.  If flanges leak under 
test, the nuts shall be loosened, the gasket reset or replaced, the nuts retightened, and the valve 
and/or pipeline retested. 
 
3.03  VALVE BOXES 
Center the valve boxes and set plumb over the wrench nuts of the valves.  Set valve boxes so that 
they do not transmit shock or stress to the valves.  Set the valve boxes and covers in accordance with 
the Drawings.  Cut stem extensions to the proper length so that the valve box does not ride on the 
stem extension when set at grade. 
 
Backfill for water valve boxes shall be the same as specified for the adjacent pipe.  Backfill drain 
valve boxes with drain rock as shown on the Drawings.  Place backfill around the valve boxes and 
thoroughly compact to a density equal to that specified for the adjacent trench and in such a manner 
that will not damage or displace the valve box from proper alignment or grade.  Misaligned valve 
boxes shall be excavated, plumbed, and backfilled at the Contractor's expense. 
 
 
3.04  VALVE TESTING 
Refer to Section 15950-PERFORMANCE TESTING AND FACILITY STARTUP for additional 
requirements.  All valves shall be tested.  Test valve operation under full design pressure.  Valves 
may be tested while filling the pipe for hydrostatic testing or as a separate step.  Pump station valves 
must open and close smoothly with full design pressure on upstream side and atmospheric pressure 
on downstream side.  Test mainline valves for smooth operation will full design hydrostatic pressure 
on both sides of valve.   
 
After hydrostatic test, operate all drain valves under design static hydraulic pressure to verify that 
they operate correctly.  Valves must open and close smoothly and seat watertight.  Repair all 
defective drain valves and retest at design static hydraulic pressure.  Additional drain rock and 
erosion control may be required based on actual flow patterns. 
 
During filling, check all air and vacuum valves to verify that they are operating correctly.  Operate 
all service valves (but not isolation valves) on air and vacuum valves, under design hydrostatic 
pressure to ensure that they open and close smoothly.  Repair any defective valves. 
 
PART 4 B MEASUREMENT AND PAYMENT 
 
Valves and appurtenances shall be paid for on a Lump Sum basis as stated in the Bid Item Schedule 
for the items listed below: 
 

 Bid Item No.  14 – VALVES AND RELATED APPURTENANCES  
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-END OF SECTION- 
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SECTION 15133 – SUBMERSIBLE PUMP COMPONENTS 
 

Bid Item No. 15 
 
 
PART 1 - GENERAL 
 
1.01 SCOPE 
  
A. This Section covers the work necessary to furnish and install one (1) deep well submersible 

pump and all specified appurtenances.  The pump installation is to include the submersible 
pump and motor, a surface plate with surface discharge elbow, drop pipe (column pipe) 
assembly and electrical submersible power cable, complete. The submersible pumps shall be 
capable of continuous variable speed drive duty.    
 

B. Equipment (materials) shall conform to current standards of the Hydraulic Institute, 
ANSI/AWWA E101, and NEMA MG-1.  Equipment shall be installed in accordance with 
the Manufacture’s recommendations and industry standard practices/procedures.  

 
C. The same pump manufacturer shall furnish the pumps, motors, and other pumping system 

components described under this Section. 
 

D. The pump shall be furnished and installed by a properly licensed well pump contractor, who 
is engaged in the full-time business of selling, installing, and the repair of deep well 
submersible pumps. The installation rig and equipment shall be a standard rig used in the 
industry, set up and configured for the sole purpose of installing, removing and servicing 
pumps.  All rigging and equipment shall be properly sized to safely accommodate the load.    

 
1.02 OPERATING CONDITIONS 
 
A. The operating conditions for the pump station and pump components are described herein.  

The pump shall be so designed so that at no point on the performance curve will the pump be 
in an upthrust condition that exceeds 200 pounds of upthrust.  Where the well pump motor is 
installed in or below a screened section(s) of the well, the Contractor shall furnish and install 
factory furnished (same as pump manufacturer) motor shroud.  The motor shroud will not be 
required if deemed unnecessary by the motor manufacturer and the manufacturer states in 
writing that the absence of the motor shroud will not affect the manufacturer’s warranty. 
 

B. The well pump can run for prolonged periods of time at run-out during periods of peak 
demand, fire flow or testing.  All furnished equipment shall be designed to operate within the 
parameters of these conditions.  

 
1.03 SUBMITTALS 
 
A. Contractor shall submit, as part of their bid package, manufacturer copies of equipment data 
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and dimension sheets, and pump performance curves (Catalog Pump Curve) indicating the 
manufacturer and model of the equipment being proposed. The Contractor, as part of the 
submittal process (bid package), shall submit final pump curves (Catalog Pump Curve) 
performance and one field performance curve, depicting the total dynamic head, input 
horsepower, efficiency, and net positive suction head requirements over the full range of the 
pump capacity including shutoff for the pump specified herein. Because the pump will be 
operated using a variable speed drive unit, the Contractor shall provide a family of 
performance curves showing 10% speed intervals between 50% speed and 100% speed. 
Included with the performance curves shall be submittal sheets, which summarize 
performance characteristics, thrust loadings, all losses (including bearing, column pipe, 
discharge head losses), and other pertinent data at the design capacity, and include 
performance at 20 percent above and below the design capacity.  

  
B. Prior to ordering materials, the Contractor shall submit the same pump curve outlined in 

1.03A, plus an outline dimension drawing/equipment data sheets, which includes dimensions, 
lengths, and equipment data for the column assembly, bowl assembly, discharge head, 
suction assembly, and driver.  

 
C. Prior to the installation of the equipment, the pumps and motors shall be performance tested 

at the factory after assembly. A minimum of six hydraulic test readings shall be taken 
between shutoff and 80% and 120% of the BEP. One of these points shall be at the rated 
capacity. The data shall be plotted on a pump curve showing head, flow, bhp, efficiency, and 
NPSHR. The pump horsepower demand shall did not exceed the rated name plate motor hp 
at any point on the curve. Test reports shall be certified by the factory, the results stamped 
and signed by a Registered Professional Mechanical or Civil Engineer, and sent to the 
Engineer for review and approval.    
 

D. The Contractor shall submit a report summarizing the field and performance test results.  The 
Contractor is responsible for providing all testing equipment necessary for field and well 
pump performance testing. The contractor will be required to provide an Engineer approved 
flow measuring device, such as a recently calibrated Collins Tube, to measure and verify 
flow rate.  All power parameters shall be measured using calibrated meters. 

 
PART 2 – MATERIALS 
 
2.01 DESIGN PARAMETERS 
 
A. All furnished components shall be designed according to the following design parameters: 
 

Design Flow (Gallons Per Minute) 1,200 gpm 1500 gpm 1,800 gpm 
Design Head (Feet-Total Dynamic Head) 410 ft. 365 ft. 300 ft. 
Minimum Pump Bowl Efficiency 70% 82% 75% 
Minimum Overall Plant Efficiency at 1,500 
gpm (pump and motor at 100% speed) 

72% 

Nominal Motor Speed 1800 RPM 
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Pump Setting 260 feet 
Minimum Column Diameter 12 inches I.D. 
Minimum Motor Efficiency 89% 
Shut-off Head (0 flow) 560 feet 

 
2.02 SUBMERSIBLE MOTOR - 200 HP 
 
A. The pump drive motors shall be a submersible, 480 volt, 3 phase, 60 HZ, four-pole, 125 

horsepower, squirrel cage induction motor designed for continuous under water duty.  
Maximum motor diameter shall be not more than 12 inches, have a minimum efficiency at 
full load of not less than 89 percent and have a 1.15 service factor.  The motor shall be rated 
for operation in a 16-inch diameter well and shall be manufactured by Byron Jackson 
(Flowserve) or approved equal. The motor shall be an inverter duty type compatible with the 
variable frequency drive.  

 
B. The motor shall be equipped with a mercury seal, have either a water or oil-filled medium, 

and shall have a bellows designed to balance the internal pressure with the pressure outside 
the motor. The water filled type shall be a wet winding design suitable for rewinding. For 
both mediums, the liquid shall be filtered and circulated throughout the motor and bearings to 
dissipate heat.  
 

C. The thrust bearings shall be designed to carry the total weight of the rotating element and the 
hydraulic thrust that the pump may apply in both the up and down direction. The Engineer 
will evaluate all thrust-bearing designs presented in the interest of obtaining a minimum of 
10,000 starts over the life of the motor at a column setting of 260 feet and a static water level 
of 165 feet.  

 
D. The winding wire insulation shall consist of a material of high dielectric strength and shall be 

reinforced by a nylon cover.  Hermetically sealed or resin encased stators are not acceptable.  
The insulation resistance shall be not less than 100 megohms or as specified by the motor 
manufacturer.   
 

E. The rotor shall be statically and dynamically balanced.  The rotor shaft shall be fitted with 
stainless steel sleeves with guide bearings of lead bronze or graphite compound.  There shall 
be a minimum of two guide bearings supporting the rotor.   
 

F. All exposed parts shall be protected against corrosion by an epoxy coating that conforms to 
NSF 61 requirements for substances in contact with potable drinking water.  The complete 
unit shall be painted after assembly.  Any scratches or gouges in the coating shall be field-
patched. 

 
2.03 DEEP WELL SUBMERSIBLE PUMP  
 
A. The submersible pump unit shall be designed for use with a motor assembly designed for 

continuous submerged operation.  The pump and motor shall be manufacturered by Byron 
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Jackson or approved equal. It shall be furnished without a check valve installed at the bottom 
of the discharge column.  The pump shall have a capacity and efficiency matching the 
operating conditions defined above and have a maximum nominal diameter of 12 inches.  
The pump (including motor) shall be designed to operate continuously at any point 
throughout the complete capacity-head range with short operational periods at shut-off or 
prolonged periods at runout during tests or fire flows.   

 
B. The pump stage casings, suction and discharge housings shall be of pore-free, close grained 

cast iron having a minimum tensile strength of 30,000 psi and shall have either porcelain 
enamel or fusion epoxy coated water passages.  Impellers shall be bronze cast in one piece, 
accurately machined, enclosed, underfiled, slurry or hand polished to 60 microns rms and 
statically and dynamically balanced (ISO 19-40 Grade 6.3).  Impellers shall be secured to the 
pump shaft with tapered collets of 416 stainless steel. 
 

C. The pump shaft shall be of Type 416 stainless steel, turned, grained and polished.  It shall be 
supported by bronze bearings above and below each impeller.  The motor coupling shall be 
constructed of Type 416 stainless steel, either keyed or splined as required to fit the motor 
shaft. 
 

D. The top case of the bowl assembly shall contain an extra long bronze sleeve bearing 
surrounded by a grease chamber and filled with a special hydraulic grease with a life of 
fifteen years.  A stainless steel strainer and water intake shall be built into the lower part of 
the bowls in which shall be mounted two long bronze guide sleeve bearings. 

  
2.04 SUBMERSIBLE CABLE 
 
A. Submersible cable shall be sized to limit the voltage drop to 3 percent at the motor's 

terminals. The cable shall be round, jacketed 3 copper conductor cable plus a ground and 
have a minimum size of #4/0. Each conductor shall be jacketed, and the conductors and a 
ground wire shall be included in a single jacketed assembly.  The conductor insulation shall 
be water and oil resistant, rated for a 1000 volts AV minimum, and be specifically designed 
for submersible pump service with continuous immersion.  The length of the cable to be 
furnished shall be the sum of:  (a) total pump setting plus the bowl unit length, plus (b) one 
foot for each 50 feet of setting to compensate for possible twist or sag during installation, 
plus (c) five feet between the surface plate and the well head junction box.  The cable will be 
suitably supported from the column, and shall be protected by a non-galvanized, epoxy 
coated steel cable guard for the entire bowl length.  All cable fittings and terminals shall be 
water tight at the pressure encountered in the application.  The cable jacket shall be neoprene. 

 
2.05 SURFACE PLATE & DISCHARGE ELBOW 
 
A. The surface plate shall be fabricated from steel with a flat face base flange the diameter of 

which shall be a minimum of the casing diameter plus 3-inches, short radius 90 degree steel 
elbow ending in a 150# raised faced steel discharge flange.  The surface plate shall be fitted 
with a properly sized electrical junction box, be equipped with a two, 1.5-inch diameter NPT 
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taps for casing access.  It shall also be provided with lifting lugs of sufficient strength to lift 
the entire pump and motor assembly including the drop pipe.  A short threaded nipple shall 
extend below the surface plate for connection to the riser pipe.  The surface plate shall be 
sealed with a 1/8-inch neoprene gasket followed with silicon sealant.   

 
2.06 COLUMN PIPE - 12 INCH 
  
A. The total length of the discharge column for the pump shall be 260 feet.  The column pipe 

shall be 12.750 inch O.D. by 0.330 wall (Schedule 30), steel pipe, and shall conform to 
American Standard tapered pipe thread specifications.  The pipe shall be furnished in 
interchangeable sections not over 20 feet in length, and shall be connected with threaded, 
sleeve-type couplings. 

 
2.07 WATER LEVEL MEASURING EQUIPMENT 
 
A. Pressure Transducer 

The Contractor shall furnish and install a pressure transducer with cable to the pump setting 
depth of 260 feet plus any required additional cable to connect to the above-ground electrical 
motor control center. Each transducer and cable is to be installed in the 2-inch sounding pipe 
as shown on the Drawings.  Refer to the Electrical Specifications, Section 16940 – 
INSTRUMENTATION for transducer, cable, and process controls requirements. The 
assembly shall be capable of indicating a depth to water level surface range from ground 
surface to 260 feet. 

 
PART 3 – EXECUTION 
 
3.01 GENERAL  
 
A.  The submersible pump shall be installed in accordance with the manufacturer’s written 

recommendations submitted and approved with the shop drawings and in accordance with the 
Contract Documents.  

 
B.  The manufacturer’s authorized service representative shall visit the site for as long 
 as necessary to complete the following and to certify in writing that the equipment 
 and controls have been properly installed, aligned, lubricated, adjusted, and 
 readied for operation. The manufacturer’s authorized service representative shall: 
 

1.  Witness the proper installation of the equipment. 
 
2.  Witness the inspection, checking, aligning and adjusting the equipment. 
 
3.  Witness startup and field-testing operations, and efficiency testing. 
 
4.  Instruct the District’s personnel in the operation and maintenance of the equipment, 

including step-by-step troubleshooting with necessary test equipment. Instruction and 
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materials shall be specific to the models of equipment provided. The representative shall 
have at least two year’s experience or training with equipment provided.  

 
3.02 INSTALLATION 
 
A. The submersible pump and motor components shall be installed in accordance with the pump 

manufacturer’s recommendations for proper handling and installation of submersible deep 
well pumps.  Among these requirements are frequent tests to ensure the integrity of the 
installed components.  Testing will be preformed by the Contractor and witnessed by the 
Engineer.  The Contractor is responsible for providing all equipment necessary for testing.  
The following tests are required: 

 
1. The well is to be sounded for total depth and static water level. 

 
2. The factory assembled pump and motor assembly shall be lifted into the vertical   

position before uncrating. A properly licensed contractor who is engaged in the full-time 
business of selling, installing, and repairing submersible pumps shall install the pumps.  
The installation rig and equipment shall be an industry rig, set up and configured for the 
sole purpose of installing and removing service pumps.  All rigging and equipment shall 
be properly sized to safely accommodate the load.   If the pump is disassembled for 
installation, a factory representative acceptable to the Engineer shall be present to ensure 
proper re-assembly. 
 

3. Before splicing the power cable to the motor, the motor shall be tested by attaching 1 lead 
from a resistance instrument to any one motor lead and other lead to the motor frame.  All 
3 leads shall be separately tested.  The minimum reading at normal room temperature 
shall be at least 500 megohms, or as specified by the motor manufacturer. 
 

4. Only one cable splice shall be permitted in each power cable run.  The splice shall be 
performed using cable connectors sized to fit the cable.  The method of splicing shall be 
subject to the approval of the Engineer. 

 
5. Before lowering the pump, a 500-volt megger shall be connected to the end of one of the 

power cables and to the pump motor casing and the insulation resistance measured.  Wet 
down the cable splice by immersing in a bucket of water before megging.  The cable and 
motor shall not be installed if they meg less than 100 megohms, or as specified by the 
motor manufacturer. 

 
6. Correct rotation of the motor shall be verified prior to the pump and motor installation. 
 
7. The power cable shall be banded to the column pipe just above each coupling as the unit 

is lowered into the well.  The first band should be placed within 3 feet of the pump while 
the last band should be within three feet of the surface plate.  3/4 stainless steel banding 
shall be used with a rubber cable protector installed between the band and power cable.   
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8. The Contractor shall insure that all column joints are securely tightened as each joint is 
installed to prevent loosening of the joints on pump start-ups.   

 
9. As the pump is installed, the well pump shall be sterilized by spraying the components, as 

they are installed, with a 50 part per million sodium hypochlorite solution.  Any 
components that will remain above the static water level shall not be sprayed with the 
chlorinated solution.  After the pump is installed, the well shall be chlorinated in 
accordance with the Section 15145 – DISINFECTION OF WELL, PUMP, AND 
PIPING. 

 
10. Megger readings shall be taken after each joint of column is installed in the well, once the 

motor has reached the water table and has become submerged.  One line from the megger 
shall be attached to the power cable and the second line attached to the pump column.  
Each power lead shall be tested.  If readings lower than 100 megohms, or as 
recommended by the motor manufacturer, are experienced, the unit shall be pulled and 
corrective actions taken to insure a proper installation.  

 
3.03 Field Tests 
 
A.  The Contractor shall be responsible for field testing all pumps after installation to 

demonstrate satisfactory operation. All testing shall be witnessed by a representative of the 
District. The Contractor shall notify the District, five (5) days in advance of the field tests.  
The Contractor shall bear all costs of field tests, including related services of the 
Manufacturer’s representative, except for power and water. 

 
B. The Contractor shall be responsible for field testing to check for any deviation from rated      

voltage, phase or frequency; efficiency, or improper installation.  
 
C. The Contractor shall operate the pump and measure the capacity and total dynamic head at 

the 100% pump speed for three different capacities (the capacity shall be at the specified 
design capacity and at +/- 10% of the specified design capacity).  The pump is to be run a 
minimum of 10 minutes at each capacity.  For acceptance purposes, the total measured head 
shall be within 15 feet, above and/or below, that shown on the manufacturer's pump curve.  

 
D. The Contractor shall conduct a minimum of four additional tests while the well pump is 

operating under different pump speeds to meet discharge pressure conditions as directed by 
the Engineer.   

 
E. The Contractor shall use the field test results and calculate the overall plant efficiency (OPE).  

The minimum overall plant efficiency shall meet the minimum design OPE referenced in 
section 2.01. 

 
F. The Contractor shall provide a submittal summarizing all field test results. 
 
G. In the event of failure of any pump and or pump motor to meet any of the design 
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requirements or efficiencies provided in the drawings, plans or the approved submittal, the 
Contractor shall make all necessary modifications, repairs, or replacements, and conduct field 
tests to conform to these specifications at no additional compensation from the Owner. 

 
3.04 DISINFECTION 
 
A.  The submersible pump components shall be disinfected prior to placing into service.  See 

Section 15145-DISINFECTION OF PUMPS AND PIPING for requirements. 
 
3.05 WARRANTY  
 
A. The Contractor shall provide a full warranty on all materials and installation for a period of  

three years from date of start up.  In the case of non-compliance with the stated 
specifications, District may require Contractor to repair the pump unit, including parts and 
labor to make repairs, up to and including removal and replacement of all or part. 

 
PART 4 -  MEASUREMENT AND PAYMENT 
 
For all work specified herein, satisfactorily completed, including furnishing and installing one 
(1) complete submersible pump including motor, surface plate and discharge elbow, drop pipe 
assembly, and electrical submersible cable, complete, shall be paid for on a Lump Sum basis as 
stated in the Bid Item Schedule for the items listed below: 
 

Bid Item No. 15 SUBMERSIBLE PUMP COMPONENTS  
 
 

-END SECTION- 
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Sacramento Suburban Water District – Verner Ave. Well and Treatment Facilities
VFD Pump Field Test Data 

         
Well Site A, B or C (Circle One) 

          

Date Tested:         

Performed by:       (Contractor)     

Witnessed by:       (Engineer)     
          
          

Static Water 
Level:           

          

 

Wait 20 minutes after starting the pump before taking Test 1 readings.   
 
All field test measurements shall be read from the panel and compared to  
head measurements.     

          
  Drive Readings (Read from Panel)  

 Test Voltage Current Freq. Power Flow 
Discharge 
Pressure+ PWL  

   (Volts) (Amps) (Hz) (HP) (gpm) (psi) (feet) 

 1           100    

 2           105    

 3           110    

 4           115    
          
          
          
          
          
  Readings Taken By Hand  

 Test Voltage* Current* Freq.* Power* Flow** 
Discharge 
Pressure+ PWL***  

   (Volts) (Amps) (Hz) (HP) (gpm) (psi) (feet) 

 1           100    

 2           105    

 3           110    

 4           115    
          
 * Readings taken at the pump by hand      
 ** Readings from the flowmeter   
 *** Readings taken with the use of a water level sounder apparatus   
 + Pressure readings taken from pressure gage located as close as possible to well pump discharge head.  

     
          



 

SECTION 15145 – DISINFECTION OF WELL, PUMP, AND PIPING 
 

Bid Item No. 17 
 
 

PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the work necessary to disinfect the well, pump, and water mains as described 
herein, complete. 
 
PART 2 - MATERIALS 
 
2.01  DISINFECTANT 
Disinfectant shall be liquid sodium hypochlorite (chlorine) at 12.5-percent available, for the well, 
pump.  Liquid sodium hypochlorite shall be used to disinfect the water mains. 
 
PART 3 - EXECUTION 
 
3.01  DISINFECTION OF WELL AND PUMP 
Prior to the installation of the well pump, the Contractor shall add sufficient liquid sodium 
hypochlorite (at 12.5-percent available) to achieve a 500 part per million solution in the well, 
(based upon casing volume).  The Contractor shall then run a disinfected (chlorine sprayed) 
bailer into the well and mix the solution by agitation.  The Contractor may then proceed with the 
installation of the pump, after the pump has been washed down with a hot water high-pressure 
cleaner.  A solution containing trisodium phosphate maybe required as a cleaning agent if 
extraneous cleaning measures are required by the Engineer. 
 
3.02  DISINFECTION OF WATER MAINS 
Tablets shall not be utilized for the disinfection of water mains.  An optional method, outlined in 
Section 4.4.3 of AWWA Standard C651-99, utilizing a liquid sodium hypochlorite method only, 
shall be employed.  The Contractor will furnish the Engineer, for approval prior to the work, a 
work plan depicting methodology, chemicals, and equipment to be employed in the disinfection 
process. 
 

A. Retention Period 
Chlorinated water shall be retained in the pipeline long enough to destroy all non-
spore-forming bacteria.  This period shall be a minimum of 24-hours.  After the 
sodium hypochlorite treated water has been retained for the required time, the 
chlorine residual at the pipe extremities and at the other representative points shall be 
a minimum of 50 ppm. 

 
B. Chlorinating Valves 

During the process of chlorinating the piping and pipelines, all valves and other 
appurtenances shall be operated while the pipeline is filled with the heavily 
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chlorinated water. 
 
 C. Final Flushing 

Following chlorination, all treated water shall be thoroughly flushed from the pipes 
and pipelines until the replacement water shall, upon testing, both chemically and 
bacteriologically, be proven equal to the water quality at the point of supply.  
Chlorination shall be repeated, if necessary, by the Contractor at no additional cost to 
the Owner, if the replacement water does not prove equal to the water quality at the 
point of supply.  The Contractor shall properly dispose of flush water in a manner that 
will not cause damage and nuisance to the environment.  Flush water shall be 
disposed to the nearest existing and operating sewer manhole after obtaining a 
necessary permit from the Sacramento Regional County Sanitation District (916) 875-
7000.

 
3.03  DISINFECTION OF CHEMICAL FEED SYSTEMS 
The process piping and chemical feed systems shall be thoroughly cleaned and disinfected prior 
to placing, in service in accordance with AWWA C653.  

  
3.04  BACTERIOLOGICAL TESTS 
After final flushing and before the facilities are placed in service, water mains shall be sampled 
by the Owner and tested for coliform organisms and iron bacteria in accordance with "Standard 
Methods for the Examination of Water and Wastewater." 
 
 A. Samples shall be collected by the Owner from the downhill end of the water main. No 

hose or fire hydrant shall be used in collection of samples. 
 
 B. Final test results shall show the absence of coliform organisms. 
 
 C. The Owner will conduct the laboratory tests at no cost to the Contractor. If the initial 

disinfection fails to produce satisfactory bacteriological samples, the Engineer shall 
evaluate the situation prior to directing the Contractor to take any corrective actions. 

 
 D. The Contractor shall be responsible for any time delay and pay all costs incurred for 

retesting and any corrective actions taken. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
The disinfection of well, pump, and piping satisfactorily completed, shall be paid for on a Lump 
Sum basis stated in the Bid Item Schedule as listed below: 
 

Bid Item No. 17 - DISINFECTION OF WELL, PUMP, AND PIPING 
 
 
 

-END OF SECTION- 
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SECTION 15950 - PERFORMANCE TESTING AND FACILITY STARTUP 

 
Bid Item No. 18 

 
 
PART 1 - GENERAL 
 
1.01  SCOPE 
This Section covers the acceptance tests of the hydraulic efficiency and mechanical operation of 
the pumping equipment, piping, and water system complete.  Refer to Division 16 for additional 
system testing requirements. 
 
1.02  GENERAL 
 
 A. System Commissioning 

  Commission all systems and equipment to verify performance, function, and correct 
operation by performing procedures to activate, startup, adjust, test, and demonstrate 
that the work is in operating order in accordance with the general requirements of this 
Section and the detailed requirements of the technical sections under the system or 
equipment specified.  Ensure that the work is ready for full-testing, documentation, 
inspection by equipment manufacturers and operator training, where specified. 

 
 B. Notification 

Notify the Engineer five (5) working days prior to starting the system or well 
pump/station.  

 
 C. Coordination 

During the startup period, coordinate the operation of the facility with the Engineer, 
subcontractors, Owner’s operators, and manufacturer’s representatives. 

 
 D. Testing 
  Furnish all test equipment, measuring devices and supplies required to conduct tests. 
 
 E. Equipment Maintenance 

Maintain the equipment until acceptance.  Provide all lubricants, chemicals, and 
electricity necessary until acceptance. 

 
 F. Expendable Supplies 

Furnish all expendable supplies, gas, water, chlorine, etc., required for startup, 
demonstration and testing and dispose of all waste or used supplies, water, etc., in 
accordance with all applicable local, state, and federal regulations. 
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1.03  SUBMITTALS 
 
 A. Startup Plan and Schedule 

Startup Plan, Forms, and Schedule: Prepare a facility startup plan and schedule and 
submit to the Engineer for review ten (10) working days prior to facility start-up.  The   
plan shall include test methods and procedures and sample forms for recording test   
data.  In particular the schedule shall show all anticipated shutdown times of the 
existing facility.   
 

 B. Facility Shut Down 
  The Contractor shall notify the Owner three (3) working days prior to any shut down 

of the existing facility and shall coordinate with the District to ensure minimal 
disruption of service to the community. 
 

 C. Testing Documentation 
  Submit three (3) copies of documentation of each test to the Engineer. 
 
PART 2 - MATERIALS 
 
2.01 GENERAL 
The Contractor shall furnish all necessary personnel and testing equipment to accurately 
determine the hydraulic efficiency and mechanical operation of the pumping, piping, and all 
other equipment as required. 
 
PART 3 - EXECUTION 
 
3.01  PUMPING EQUIPMENT TESTING PROCEDURES 
Acceptance tests will be conducted after installation of the pumping equipment, station piping, 
and pipelines.  Refer to Section 15130-VERTICAL TURBINE PUMP COMPONENTS for 
additional requirements.  The Contractor shall notify the Engineer when the equipment is ready 
for testing.  Tests and acceptance include: 
 
 A. The test for pumping equipment consists of: 
 

 1. Measure the static voltage "leg to leg" and "leg to ground." 
 

 2. Measure the static water level. 
 

 3. Disconnect the motor leads and using a 1,000-volt megaohm meter, "meg" 
each lead to check the motor.  The measurements are to be within accepted 
motor manufacturers' tolerances for the specific motor used. 

 
4. Prior to performance of the acceptance tests, start the well pump and allow the 
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well pump to pump at or within 10-percent of the design capacity.  Measure 
the amperage per leg and the running voltage "leg to leg" and "leg to ground."  
Stop the pump and "roll" the leads.  Start the pump and again repeat the 
measurements.  Repeat a third time.  Line balance is to be calculated and the 
line position with the least "unbalance" used.  If the unbalance is not within 
motor manufacturer’s accepted tolerances, the pump is to be shut down and 
the problem investigated and corrected by the Contractor at no additional cost 
to Owner, prior to further acceptance testing. 

 
 5. Again, start the well pump and measure the capacity, discharge pressure and 

pumping water level at three different capacities (one capacity shall be at the 
specified design capacity as selected by the Engineer).  The well pump is to be 
run a minimum of 10-minutes at each capacity.  For acceptance purposes, the 
total measured head shall be within ±20 feet of the manufacturer's published 
pump curve. 

 
3.02  WATER MAINS AND STATION PIPING TESTING  

 
A. General 
 Before flushing and disinfection of the main lines, station piping, and appurtenances 

has been completed, all piping shall be hydrostatically tested, as specified here-in.  
Hydrostatic testing shall occur after the pipe is backfilled but prior to permanent 
resurfacing and connection to the existing water system. Valves and other flanged 
fittings may be left exposed during hydrostatic testing provided sufficient thrust 
restraint is provided by the Contractor as necessary.   

 
 Thrust blocks shall have been in place for a minimum of seven (7) days prior to 

testing.  Pipe with mortared joints shall not be filled with water within twelve (12) 
hours of the time the last joint has been completed and the interior mortar placed.  Do 
not subject the pipe to internal hydrostatic pressure until all mortared joints have 
cured at least thirty-six (36) hours.  

 
 Separate tests shall be made on pipelines that can be sectionalized by valves.  The 

Contractor shall make all necessary connections and provide all necessary bulkheads, 
blind flanges, spool pieces, backflow devices, piping and appurtenances, as needed. 

 
B. Isolation 
 The new pipelines shall remain isolated from the existing water mains until after 

acceptance of the disinfection and hydrostatic testing.  The Contractor shall provide a 
hydrostatic, disinfection, and bacteriology testing plan complete with locations of 
bulkheads, or blind flanges, or steel plates or other methods to maintain isolation 
from the potable water supply, to the Engineer for approval, prior to testing.  All 
isolation equipment shall remain in-place until the new water line has passed the 
pressure test, passed the chlorination test, passed the bacteriological test and is 
approved by the Owner for connection. 
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C.  Engineer 
 All testing shall be performed in the presence of the Engineer. 
 
D.   Fill Rate 
 Fill pipeline at a rate of two (2) feet per second so as not to cause any surges or 

exceed the rate at which air can be released through the air valves. During filling, 
check all air valves to verify that they are venting correctly.  After pipe has been 
filled and all of the air purged, the pipe may be tested without a waiting period.   

 
E. Pipe Test 
 Test each pipe section with all mainline valves open. Provide bulkheads or dishhead 

terminations at each end of test section as necessary for testing. 
 
F. Test Pressure 
 Pipeline and mainline valves shall be tested at a pressure of 150 pounds per square 

inch. The pressure gage reading at the time of test shall be located at the highest point 
of the section of pipe being tested. A blind flange shall be utilized at the connection to 
any pump discharge heads. Test pressure shall be maintained for a period of two (2) 
hours.  Apply and maintain the test pressure by continuous pumping if necessary for 
the entire test period.  The pump suction shall be in a barrel or similar device or 
metered such that the amount of water required to maintain the test pressure may be 
measured accurately.  The Engineer shall reserve the right to evaluate test pressure at 
any point along the section being tested.  All visible leaks from the piping, valves, 
flanges or gaskets shall be repaired.  Upon satisfactory completion of any pressure 
test, the Contractor shall immediately relieve the pipeline of test pressure. 

 
G. Allowable Leakage 
 Leakage is defined as the quantity of water required to hold the test pressure for the 

duration of the test period.  No leakage is allowed in sections of welded steel pipe 
with welded joints.  Pressurized water mains with rubber gasket joints, such as bell 
and spigot or dresser couplings shall be pressure and leakage tested in accordance 
with the Sacramento Suburban Water District Standards. 

 
H. Correction of Defects  
 If the leakage exceeds the allowance, the installation shall be repaired or replaced and 

pressure tests shall be repeated until conformance to the leakage test requirements 
specified herein have been met. All visible leaks from the piping, valves, flanges or 
gaskets shall be repaired even if the pipeline passes the allowable leakage test. All 
work associated with finding and fixing leaks and performing additional testing shall 
be performed at no additional cost to the Owner. 

 
I. Contractor’s Report 
 The Contractor shall keep records of each piping test, including: 
  a. Description and identification of piping tested. 
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   b.  Description of test procedure. 
   c.  Date of test. 
  d. Witnessing by Contractor and Engineer. 
  e. Test evaluation. 
  f. Remarks, to include such items as; 
    1) Leaks (type, location). 

2) Repairs made on leaks. 
 

3.03  MAINLINE VALVES, BLOW-OFF VALVES, AIR/VAC VALVES, AND FIRE 
HYDRANT TESTS 
All valves shall be tested.  On all valves count and record the turns required to operate from full 
open to full closed and record on as-built drawings.   
  
 A. Mainline Valves 

Test each mainline valve by pressurizing each section between valves after 
completion of the pipe pressure test.  Check the proper operation of valves by 
demonstrating smooth operation under full design hydrostatic pressure.   

 
 B.  Blow-Off Valves 

After hydrostatic test, operate all blow-off valves under design static pressure to 
verify that they operate correctly.  Valves must open and close smoothly and seat 
watertight.  Repair all defective blow-off valves and retest at design static hydraulic 
pressure.  

 
 C.  Air/Vac Valves 

During filling, check all air/vac valves to verify that they are venting correctly.  
Operate all service valves (but not isolation valves) on air/vac valves, under design 
hydrostatic pressure to ensure that they open and close smoothly.  Repair any 
defective valves. 

 
 D. Fire Hydrants 

After hydrostatic test, operate all hydrants under design static pressure to verify that 
they operate correctly.  Hydrants must open and close smoothly and seat watertight.  
Repair all defective hydrants and retest at design static hydraulic pressure. 
 

3.04  MISCELLANEOUS PUMP STATION PIPING 
All piping including water, chemical, and all other miscellaneous piping shall be tested for 
leakage in accordance with the California Plumbing Code Sections 103.5.1.1, 103.5.1.3, 
103.5.3.5, 103.5.6.2, 609.4, and 712.0. 
 
3.05  STORM DRAINAGE AND OVERFLOW SYSTEM TESTS 
The storm drain and overflow piping, shall be tested for leakage in conformance with the 
Sacramento County Standard Construction Specifications, Section 38-10, except that television 
inspection will not be required.  Any detectable leaks shall be repaired, regardless of the results 
of the tests. 
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3.06  MANHOLES 
All storm drain and overflow manholes shall be tested and meet the requirements of ASTM 
C1244, prior to acceptance by the Engineer. 
 

 3.07  SANITARY SEWAGE SYSTEM TESTS 
The sanitary sewer system shall be tested in accordance with the Sacramento Regional County 
Sanitation District Standards. 
 
3.08  ELECTRICAL 
All electrical equipment shall be tested including time delays, automatic and hand operation of 
the pumping plant, fans, and thermostats.  Refer to the applicable Electrical sections for 
additional testing requirements. 
 
3.09  TRACING WIRE CONTINUITY CHECK 
Check continuity of all tracing wire, connection and splices and repair as necessary. 
 
3.10  INITIAL STARTUP AND OPERATION OF THE FACILITIES 
The Contractor shall coordinate initial startup and operation with the Owner.  The   following 
listing is a general sequence of startup activity steps to be used in placing facility systems into 
operation: 
 
 1. Perform initial lubrication of equipment and have manufacturer check and adjust 

equipment.  Provide all subsequent lubrication and maintenance, and such staff as 
required for test operations. 

 
 2. Perform satisfactory testing of electrical work required prior to energizing of the 

electrical system. 
 
 3. After completion of Step 2, perform satisfactory electrical testing required after 

energizing of the electrical system. 
 
 4. Complete calibration of instruments. 
 
 5. Satisfactorily complete system verification of instrumentation work. 
 
 6. After completion of Steps 1, 2, and 3, perform a rotational test of equipment and 

correct backward rotating drives. 
 
 7. After completion of Steps 5 and 6, test operate the equipment by manually initiating 

the operation.  Where manual operation bypasses alarm or safety monitoring, provide 
continuous supervision of such parameters. 

 
 8. Concurrent with Step 7, perform instrumentation and control testing and make 

necessary adjustments as related to the equipment being tested. 
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 9. Concurrent with Step 7 and where possible at this stage of startup, complete the 

performance testing specified for the equipment. 
  
 10. Concurrent with Step 7, perform adjustments of the electrical work as related to the 

equipment being tested. 
 
 11. Repeat Steps 1 through 10 required for other equipment items and plant systems until 

all plant process components and utility systems are ready for total facility operation.   
  
3.11  TRAINING 
 
 A. Submit four (4) copies of the Operation and Maintenance Manuals and Parts Lists to 

the Engineer a minimum of fifteen (15) days prior to the first training session. 
 
 B. Provide up to eight (8) hours of onsite demonstration of systems equipment. 
 
   1. Illustrate training with diagrams, checklists, photographs and other visual aids 

as appropriate. 
 
   2. Prepare a course summary illustrated with copies of visual materials.  

Distribute one (1) copy to each course attendee and submit four (4) copies to 
the Engineer. 

 
   3. Demonstrate the operation, maintenance and safety procedures for all systems 

and equipment to personnel designated by the Owner. 
 
PART 4 - MEASUREMENT AND PAYMENT 
 
Performance Testing will be paid for on a Lump Sum basis as stated in the Bid Item Schedule 
for the item listed below:   
 

Bid Item No. 18 - PERFORMANCE TESTING AND FACILITY STARTUP 
 
 

 
-END OF SECTION- 
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SECTION 16010 - ELECTRICAL 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. The major components to be furnished, installed, tested and placed into operation 
are:   

1. Utility Metering with Main Disconnect, Distribution Section, Generator 
Breaker, and Panelboard / Transformer section. 

2. Well Pump VFD and SSS Control Panel: 

3. RTU control panel with Programmable logic controller.  This includes 
configuration, programming and communications of the PLC, OI and 
SCADA System.  Testing shall be a combined effort of the Contractor, 
System Integrator and Engineer. 

4. Coordination and timely installation of critical path equipment and 
services such that construction may be facilitated.  The Electrical 
Contractor and System Integrator should not assume that submittals, 
manufacturing, installation, start-up will be based on their own schedule.   

5. Conduit, wire, and grounding system, for equipment interconnection, and 
operation. 

6. Installation of Owner furnished instrumentation with mounting supports as 
detailed and as recommended by the instrument manufacturer.  Contractor 
shall calibrate, configure and test all instrumentation and document 
results. 

7. All necessary process piping, shut off, sample and calibration valves, 
drains, pressure reducers and calibration equipment for connection of 
instrumentation. 

8. Trenching, backfilling, compaction and resurfacing for all new 
underground conduit routes, concrete pads, and pull boxes. 

9. Coordination and equipment for connection of power utility and telephone 
services per utility drawings and standards. 

10. Site electrical devices, lights and receptacles. 

11. Seismic Anchorage Design Calculations and conforming installation. 
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12. System calibration, testing and documentation. 

B. Electro-mechanical equipment to be installed in this project may be specified in 
other divisions but will be interface to equipment provided under division 16.  
Obtain submittals for those devices, review, coordinate and provide all interfacing 
equipment, software, communications, I/O, and testing to integrate the equipment 
to the extent possible and as intended. 

C. Install electrical and control portion of electro-mechanical equipment specified in 
other sections.  Reference those specifications, pertinent details, and follow all 
manufacturer instructions to erect, install and commission equipment.  Furnish all 
electrical equipment, interconnecting wire, and make connections to place 
equipment in operation 

D. All electrical equipment and materials, and methods - including installation, 
calibration, and testing - shall conform to the applicable codes and standards 
listed in this and other Sections. All electrical materials and work shall conform to 
published standards of the National Electric Code (NEC) 2004 issue, Institute of 
Electrical and Electronic Engineers (IEEE), and Underwriters Laboratories Inc 
(UL).  

1.02 RELATED SPECIFICATIONS 

A. The following specification sections are part of Division 16.  

1. Section 16110 – Conduit, Boxes & Grounding. 
2. Section 16120 – Wire, Fuses & Terminal Blocks. 
3. Section 16250 – Automatic Transfer Switch 
4. Section 16470 – Panelboard and Power Transformer. 
5. Section 16481 – Variable Frequency Drive. 
6. Section 16482 – Solid State Soft Starter 
7. Section 16600 – Factory and Field Testing. 
8. Section 16905 – Control Panel. 
9. Section 16910 – PLC & OI Hardware. 
10. Section 16915 – PLC & OI Applications Programming. 
11. Section 16925 – SCADA Applications Programming 
12. Section 16940 – Instrumentation. 

1.03 QUALIFICATIONS 

A. Electrical Contractor 

1. Management and installation of the entire electrical and control system 
required for this project shall be by an Electrical Contractor meeting 
qualifications as defined herein. 
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2. Electrical Contractor must be competent in performance, supervision and 
coordination of work required and performed by equipment suppliers and 
Systems Integrator (Subcontractors). 

3. General Contractor shall disclose the proposed Electrical Contractor with 
bid documents that he intends to use on this project. 

4. If the Electrical Contractor listed in bid documents is deemed not qualified 
by the Engineer, the bids that include that Electrical Contractor will be 
rejected at the Engineer’s sole discretion and the next qualified bidder 
selected. 

5. The Electrical Contractor (EC) shall meet the following minimum 
qualifications: 

a. Has a current C-10 Electrical Contractor’s License. 
b. EC shall have sufficient qualified personnel to staff the project.  

State law requires that all personnel installing electrical 
components are certified by the State of California as “Electrician” 
or “Electrician Trainee.”  Apprentices may install electrical 
components only under direct supervision of a certified Electrician. 

c. EC shall be familiar with and understand codes and requirements 
from NFPA70, NFPA110, and all other local codes as required for 
work scope as described in the drawings and specifications. 

d. EC shall be regularly engaged in similar electrical contracting for 
the Municipal Water and Wastewater Industry.  

e. EC shall have successfully performed work of similar or greater 
complexity on at least twenty previous projects under the present 
company name.   

f. EC shall be competent with the methods and materials associated 
in the type of electrical and instrumentation work specified in this 
Division. 

g. EC shall carry all insurances as defined and required by the special 
provisions and as required by law. 

B. System Integrator 

1. Systems Integrator must be competent in performance, supervision and 
coordination of work required in this contract.   

2. This includes, but is not limited to, all work necessary to select, furnish, 
construct, supervise installation, configure, calibrate, test, and place into 
operation all transmitters, instruments, programmable controllers, control 
panels, motor controls, alarm equipment, communications, monitoring 
equipment, and accessories. 
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3. The System Integrator shall have on staff a Project Engineer with three 
years prior experience on similar sized projects. This Project Engineer 
shall coordinate the technical aspects of this project and prepare the 
submittals and drawings. The Project Engineer shall attend coordination 
meetings when specifically requested by the Engineer. 

4. The System Integrator (SI) shall meet the following minimum 
qualifications: 

a. SI shall be regularly engaged providing electrical and control 
systems for the Municipal Water and Wastewater Industry.  

b. SI shall have an Electrical Engineer on staff registered in the State 
of California as a Professional Engineer. 

c. SI shall be capable of labeling all electrical panels as manufactured 
or customized by the System Integrator with appropriate UL label 
prior to factory testing or shipment to project site. 

d. SI shall have successfully completed work of similar or greater 
complexity and on similar facilities on at least twenty previous 
projects under the present company name.  

e. SI shall be actively engaged in designing, selecting, programming 
and commissioning PLCs, instrumentation, motor controls, and 
other work specified in this Division for a minimum of five years. 

f. SI shall employ personnel on this project who have successfully 
completed ISA or equal training courses on general purpose 
instrumentation. 

g. SI shall have a permanent, fully staffed and equipped service 
facility within 200 miles of the project site for a minimum of 1 
year prior to bid date with personnel and equipment required to 
maintain, repair and calibrate the instrumentation system. 

5. The following company shall be retained by the Contractor as system 
integrator on this project.  The Owner intends to use them due to their 
familiarity with the installed base of proprietary equipment and proven 
capabilities on the type of work required on this and on similar projects.  
No other system integrators will be considered for this project.   

a. Tesco Controls Inc.  (916) 395-8800 

1.04 CONTRACT DOCUMENTS 

A. The resolution of conflicting information within the contract electrical documents 
shall put precedence on electrical drawings over that of electrical specifications. 

B. The Contract drawings and specifications are intended to be descriptive of the 
type of electrical system to be provided with sufficient detail to construct.  Minor 
omission of detail shall not relieve a qualified contractor from the obligation to 
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provide a complete operational system if it can be determined that the particular 
detail is usual and customary for similar systems. 

C. The following specifications may incorporate specific equipment or materials that 
do not have equal equipment listed.  These items are standards because of their 
familiarity, serviceability, and/or spare parts inventory.  However, equal alternate 
equipment or materials (noted in the submittal cover letter) will be considered for 
use on this project if submitted.  The Engineer may reject said equipment for the 
purpose of adherence to standards. 

D. Contract drawings are diagrammatic and indicate general arrangement of systems 
and equipment, except when specifically dimensioned or detailed.  Exact 
locations of electrical products shall be verified in the field.  Field measurements 
take precedence over dimensioned drawings.  Drawing intent is to show size, 
capacity, approximate location, direction and general relationship of equipment in 
area shown but not exact detail or arrangement.  The requirements or descriptions 
in the drawings shall take precedence in the event of conflict. 

E. The Contractor shall examine the architectural, mechanical, structural, and 
electrical and instrumentation submittals and equipment furnished under other 
specifications divisions in order to determine conduit routing, stub-up locations, 
and final terminations for all conduits and cables. Conduits shall be stubbed up as 
near as possible to equipment electrical terminals.  The exact locations and 
routing of cables and conduits shall be governed by structural conditions, physical 
interferences, and the physical location of wire terminations on equipment.   

F. All equipment shall be installed and located so that it can be readily accessed for 
operation and maintenance. If accessibility appears to be compromised, the 
location of equipment or stub ups shall be modified to the extent possible. 

G. Where conduits are shown on the Contract drawings, or stated to be furnished but 
not explicitly shown, as part of the scope of work; the Contractor shall provide all 
fittings, boxes, wiring, etc. as required for completion of the raceway system in 
compliance with the NEC and the applicable specifications in this Section. 

H. No changes from the Contract drawings or specifications shall be made without 
written approval of the Engineer.  Should there be a need to deviate from the 
Contract documents, submit written details and reasons for all changes to the 
Engineer for review. 

I. The Contractor shall maintain a neatly and accurately marked full size set of 
Contract Drawings recording the as built locations and layout of all electrical and 
instrumentation equipment, routing of raceways, junction and pull boxes, and 
other diagram or drawing changes. Drawings shall be kept current weekly, with 
all "change orders", submittal modifications, and construction changes shown. 
Drawings shall be subject to the inspection by the Engineer at all times, progress 
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payments or portions thereof may be withheld if drawings are not accurate or 
current.   

J. When documents are changed, they shall be marked with erasable colored pencils 
using the following coloring scheme: 

Additions  - red 
Deletions  - green 
Comments   - blue 
Dimensions - black 

K. Prior to acceptance of the work, the Contractor shall deliver to the Engineer one 
set of record full size drawings neatly marked accurately showing the information 
required above. 

1.05 UTILITY COORDINATION AND FEES 

A. All fees and charges of the Power Utility, SMUD, for design and final connection 
will be paid by others. 

B. Coordinate all work with the Utility for the work shown on Contract Drawings. 

1. Unless already completed, apply for electric service within 10 working 
days from Notice To Proceed. 

2. Coordinate and meet with the Utility’s Representative at the project site(s) 
within thirty (30) days after award of contract. 

3. Discuss specific installation and comply with Utility requirements.  
Contact Engineer in the event that Utility requirements far exceed 
allowances in the plans and specifications.  Provide an itemized list of 
deviations and potential costs or credits. 

4. Coordinate and obtain required inspections prior to backfill.  Make 
corrections to installation as required. 

5. Coordinate connection and date of service with Utility.  Utility back-
charges due to mis-coordination or installation problems will be 
Contractor responsibility to pay and correct. 

C. Furnish and install electric service in accordance with the serving Utility's 
requirements.  

1. The contract plans show the preliminary design for the Utility installation.  
Slight changes required by the Utility do not constitute extra work unless 
cost impacts in material and labor exceed $5000.  In that event, the agreed 
excess amount will be allowed as a contract change. 
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2. The Contractor shall provide and install service entrance equipment, all 
material, conduits, wiring, pull ropes, pole risers, transformer pads, 
bollards, etc. as shown on Utility design drawings and standards for new 
power service.  Utility standards are available upon request from the 
Utility or for download from the Utility’s website. 

3. The Utility will provide and install primary wire, transformer, meter, and 
connections. 

D. Coordinate all work with the serving Telephone Utility for the new telephone 
service. 

1. Provide all the equipment and materials not provided by the telephone 
Utility Company for permanent service at the locations shown on the 
Contract Drawings.  All work shall meet the requirements of the serving 
telephone Utility Company. 

2. Coordinate all work with the serving telephone Utility. Obtain the required 
inspections, and schedule when service is required. 

3. All telephone company fees and charges associated with the new 
telephone service will be paid by others.  

E. Following award of Contract, schedule all service installations and connections 
with utilities. Construction or start-up delays as a consequence to lack of 
documented effort by the Contractor which delay the project completion due to 
lack of Utility services will not be considered valid and Contract liquidated 
damages may be assessed. 

1.06 PROJECT COORDINATION 

A. Upon submittal approval, the Electrical Contractor shall coordinate with 
equipment suppliers and/or the System Integrator to verify types, sizes, locations, 
installation requirements, controls and diagrams of all equipment furnished.  If 
there are any issues or coordination requiring Engineer attention, they shall be 
identified within the letter at this time.   

1.07 SUPERVISION 

A. The Contractor shall schedule all activities, manage all technical aspects of the 
project, coordinate submittals and drawings, and attend all project meetings 
associated with this Section.  The Contractor shall coordinate and confirm that the 
project schedule is being adhered to and all work is being completed within the 
scheduled time frames. 

B. The Contractor shall supervise all work in this Section, including the electrical 
system general construction work, from the beginning to completion and final 
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acceptance.  

C. The Contractor shall coordinate, obtain, prepare, and/or complete the 
documentation required within this division.  All documentation shall be complete 
and delivered prior to final acceptance. 

1.08 INSPECTIONS 

A. General 

1. Contract work or materials shall be subject to inspection at any time by the 
Engineer. If equipment, material, or installation method does not conform 
to the Contract documents, or does not have a favorably reviewed 
submittal status and has been determined to be unsatisfactory by the 
Engineer, then the Contractor shall remove said material from the 
premises; and if said material has been installed, the entire expense of 
removing and replacing same, including any cutting and patching that may 
be necessary, shall be borne by the Contractor. 

2. The Engineer may inspect and test the fabricated equipment at the factory 
before shipment to job site.  See Section 16600 for requirements. 

3. Work shall not be closed in or covered over before inspection and 
approval by the Engineer. All costs associated with uncovering and 
making repairs where non-inspected work has been performed shall be 
borne by the Contractor. 

4. The Contractor shall cooperate with the Engineer and provide assistance at 
all times for the inspection of the electrical system under this Contract. 
The Contractor shall remove covers, provide access, operate equipment, 
and perform other reasonable work which, in the opinion of the Engineer, 
will be necessary to determine the quality of the work. 

B. Milestones requiring inspection and signoff. 

1. Underground conduit complete.  Do not cover any portion of conduit prior 
to inspection.  Conduits must be labeled with temporary tags per 16110. 

2. Factory testing.  Coordinate test date with Engineer 2 weeks prior to test 
scheduled date. 

3. Installation of electrical equipment.  Equipment is anchored in place, 
conduit connections are complete, no wire is yet pulled into conduit.  
Permanent conduit tags must be in place per 16010. 

4. Wire termination complete.  Do not energize equipment.  All wire tags 
must be installed and wires terminated per 16120.  Pre-energization testing 
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to commence after inspection. 

5. Testing per 16600.  All testing per 16600 shall be witnessed unless 
specifically declined by the Engineer.  Schedule tests with Engineer 2 
weeks prior to test date. 

6. Start-up per 16600.  Schedule tests with Engineer 2 weeks prior to test 
date. 

7. Punch list – final inspection.  Schedule final walkthrough with Engineer 
one week prior to intended project completion date.  All items on 
punchlist must be complete prior to scheduling walk-through. 

1.09 JOB CONDITIONS 

A. Construction Power and Telephone Service 

1. The Contractor shall coordinate, furnish and install, temporary utility 
services required during construction of the project, such as temporary 
electrical power and telephone service.  Temporary services shall be 
installed in accordance with the applicable codes and regulations of the 
serving utilities. 

2. Upon completion of the project, remove temporary services.  All 
equipment and material shall be the property of the Contractor. 

B. Equipment Storage 

1. The Contractor shall provide adequate protection for all equipment and 
materials during shipment, storage and construction.  

2. Equipment and materials shall be completely and sufficiently sealed and 
covered and set on a pallet above grade so that they are protected from 
weather, wind, dust, water, or construction operations.  

3. Equipment shall not be stored outdoors. Where equipment is stored or 
installed in an area with susceptibility to moisture, such as unheated 
buildings, untested piping, etc., provide an acceptable means to prevent 
moisture damage, such as plastic cover and a uniformly distributed heat 
source to prevent condensation.  

C. The project site is located where outside temperatures vary between 10 deg F. to 
110 deg F.  Humidity in this area will range from 10% to 100%. 

1.10 AREA CLASSIFICATIONS 

A. Area classifications are shown on the site electrical plans.  The area enclosed by 
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walls or the entire drawing area shall be as classified unless otherwise described 
or shown.  All electrical equipment, enclosures, supports, and equipment shall be 
formally rated for or, at minimum, meet the intent of the rating.  If no area 
classification rating is shown, classification shall default to a NEMA 12 rating for 
indoors, and NEMA 4 rating for outdoors. 

1.11 SUBMITTAL REQUIREMENTS 

A. General 

1. Requirements described herein are specific to electrical submittals and are 
secondary to those described in other general specifications sections.  Any 
additional requirements described here that are beyond those described in 
those sections shall be provided as described.  Conflicts shall be resolved 
by giving priority to general specifications. 

2. The Contractor shall ensure that the System Integrator and/or equipment 
suppliers provide the submittal documentation required in this section. 
Submittals shall be neat, orderly, complete (without un-needed parsing), 
and indexed.  

3. The Contractor shall coordinate submittals with the work so that project 
will not be delayed. This coordination shall include scheduling the 
different categories of submittals, so that one will not be delayed for lack 
of coordination with another. Time extensions will not be allowed due to 
failure to properly schedule submittals. 

4. No material or equipment shall be delivered to the job site until the 
submittal for such items has been reviewed by the Engineer and marked 
"no exceptions noted" or "make corrections noted".   

5. The equipment specifications have been prepared on the basis of the 
equipment first named in the Specifications. The Contractor shall note that 
the second named equipment, if given, is considered acceptable and equal 
equipment, but in some cases additional design, options, or modifications 
may be required to meet Specifications or functional installation. 

6. Exceptions to the Specifications or Drawings or equipment or procedures 
submitted as “equal” to specified equipment shall be clearly identified by 
the equipment supplier in a letter at the front of the submittal. Submittal 
data for “equal” equipment or procedures shall contain sufficient details so 
a proper evaluation may be made by the Engineer.  The Contractor is 
responsible for verifying proper application/operation of substituted 
equipment. 

7. Deviations from the Contract documents shall not be incorporated into the 
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work without prior written approval of the Engineer.  A "Change Order" 
directive from the Engineer is required prior to incorporating any 
deviation from the Contract documents that has costs associated.   The 
cost differential associated with this change order must be negotiated with 
the Engineer to amend the Contract to reflect the costs or savings. 

B. Submittal Procedures 

1. Identify all submittals by submittal number on letter of transmittal. 
Submittals shall be numbered consecutively and resubmittals shall have a 
letter suffix. For example: 

a. 1st submittal:  1 
b. 1st resubmittal: 1A 
c. 2nd resubmittal: 1B, etc. 

2. Shop documents and drawings shall be submitted for all devices and 
components in the electrical system. The Contractor is notified that this is 
a “Fast Track” project and all electrical & instrumentation drawings shall 
be submitted in a timely manner as not to delay completion of the project. 

3. Within 30 calendar days after contract award, the Contractor shall furnish 
to the Engineer six (6) sets of all submittals (4 paper, 2 electronic on CD) 
required for this Division.  Interconnection drawings, training documents 
test procedures, and O&M Manuals as applicable shall be submitted 
timely as to not delay the project. 

a. Submittals may be delivered entirely electronically via email (no 
hard copy required) if total submittal documents do not exceed 30 
pages.  However, General Contractor supervision must not be 
circumvented by sending submittals direct to Engineer. 

b. Electronic Submittals shall be transmitted with the hard copy 
submittals and be viewable using a PDF reader.   

c. Electronic (PDF) submittals must follow all applicable 
requirements for hard copy submittals including indexing, 
bookmarks, highlighting, selection indicators (box, highlight) 
etc.  Use of native PDF files (not scans) are required if one 
exists on the www. 

4. Submittal Preparation 

a. Submittals shall be published 1st electronically and 2nd on hard 
copy paper stock.   

b. Electronic submittals shall be assembled in accordance with 
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the specifications for hard copy submittals with table of 
contents, bookmarks, tabs, subtabs, etc. utilizing the electronic 
bookmarks feature available in the PDF assembler.  Only one 
PDF file is allowed for each submittal. 

c. Electronic (PDF) submittals must follow all applicable 
requirements for hard copy submittals including indexing, 
item selection indication, bookmarks,  etc. 

d. Use of native PDF files (not scans) are required if one exists on 
the www.  Ignoring this requirement is cause for submittal 
rejection. 

5. Each submittal over 25 pages shall be bound in a three ring binder, which 
is sized such that when all material is inserted the binder is not over 3/4 
full. Binder construction shall allow easy removal of any page without 
complete manual disassembly; spiral ring type binders are not acceptable.  
Submittals 25 pages or less may be stapled without binder or indexing. 

a. Each binder shall be appropriately labeled on the outside spine & 
front cover with the project name, contract number, equipment 
supplier's name, specification section(s), and major material 
contained therein.  

b. An index shall be provided at the inside of the front cover. This 
index shall itemize the contents of each tab and subtab section.  

c. Field equipment shop documents, panel equipment shop 
documents, drawings, and bill of materials shall be grouped under 
separate tabs. Shop documents shall be ordered in the same 
sequence as their corresponding Contract specification subsection.  

d. All spare parts shall be listed separately at the end of the Bill of 
Materials list. 

e. Data summary sheets shall be provided for each individual piece of 
instrumentation.  The data summary sheets shall have the 
following information preceding their corresponding catalog data: 

1) Instrumentation type and tag name. 
2) Location/description. 
3) The manufacturer's model and part number with all options. 
4) Range, span, units, input and output signals. 
5) Description of component. 
6) Contract specification subsection number reference. 
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f. Drawings may be bound in separate 11 x 17 binder or included 
with the 8.5 x 11 binder if folded such that the title block is visible 
with drawing folded.  Drawings that are "C" or "D" size are not 
allowed.  

6. The reviewed submittals will be annotated "Make Corrections Noted", 
"No Exceptions Noted", "Revise and Resubmit Noted Items", or "Rejected 
without Review."  The following actions shall then be taken by the 
Contractor: 

a. "No Exceptions Noted" - The Contractor may proceed with the 
work covered in this submittal.  No resubmission is necessary.   

b. “Make Corrections Noted” - The Contractor may proceed with the 
work covered in this submittal incorporating the changes noted. 
However, the Contractor shall revise the submittal in accord with 
the changes noted and resubmit six (6) copies of drawings, bill of 
materials, and catalog data denoting changes within 14 calendar 
days when requested by the Engineer for record keeping purposes. 

c. "Revise and Resubmit Noted Items" - The Contractor shall not 
proceed with the work covered in this submittal. The Contractor 
shall revise and correct the submittal in accordance with the 
comments and resubmit six (6) copies within 14 calendar days for 
approval. 

d. "Rejected without Review" submittal - The Contractor shall not 
proceed with the work covered in this submittal.  The submittal did 
not address the work scope as defined by the submittal’s title or the 
previous submittal comments have not been addressed in full.  The 
Contractor shall revise and correct the submittal in accordance 
with the specifications, and resubmit six (6) copies within calendar 
14 days for approval. 

7. Resubmittals shall address all comments by the Engineer.  A submittal 
response letter shall be submitted that addresses each comment by the 
Engineer with a standardized response of “revised” or with a written 
explanation.  Partial re-submittals (that do not address all comments) may 
be returned without review at the discretion of the Engineer.  

8. The Contractor shall be responsible for the Engineer's review cost for each 
resubmittal in excess of the second resubmittal. These costs will be back-
charged to the Contractor and will be deducted from his progress 
payments.  

C. Electrical Equipment -- Submittal data shall be grouped by equipment type or 
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location.  Each submittal shall be as complete as possible covering the entire 
project and scope of supply.  Drawings or equipment submitted individually that 
are not on the critical path will not be accepted for individual review.  The 
electrical submittals shall include (as a minimum): 

1. Table of Contents 

2. Comment Letter:  The Project Engineer of the System Integrator shall note 
all deviations from Contract Documents and the reason(s) for the 
deviation.  He may use this forum to inform the Engineer or installing 
Contractor of important information related to the project.  RFIs must be 
submitted separately.  Re-submittals shall include written responses to 
every comment provided by the engineer during the previous review. 

3. Bill of Materials:  The Contractor and System Integrator each shall 
provide Bill of Material for electrical components formatted as shown 
below.  Generic names or part numbers as defined by a distributor or 
Integrator are not acceptable.  Only the originating manufacturer’s name 
and part number shall be listed.  Provide separate bill of materials for each 
panel, MCC, instrument list, etc. 

Bill of Material 

Item # Qty Tag# Description Manufacturer Part # 
      
      

4. Shop Drawings: 

a. Equipment elevations with enclosure details drawn to scale or 
dimensioned with relative scale. 

b. Electrical One-line, Elementary, and wiring diagrams 
c. PLC I/O wiring diagrams 

5. Catalog Data shall include the following:  (features and options shall be 
highlighted, circled, or “arrowed.”) 

a. Instrumentation data summary sheets (by Contractor) 
b. Manufacturer’s technical information brochure 
c. Physical size and mounting details and illustrations 
d. Calibration Range  
e. Input/output signals  
f. Electric power, air, and/or water supply requirements. 
g. Options selected and available (Cross out items not included) 
h. Materials of construction of components 

6. Program Software Documentation 
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a. Programming hardcopy 
b. Programming disk copy 

D. Shop Drawings - Shop drawings shall be furnished for each electrical panel even 
if one was not shown explicitly on the Contract drawings.  Shop drawings shall be 
numbered in sequence.  Blank drawings or drawings that contain no specific 
project data will not be accepted for review.   

All drawings shall be generated with a computer utilizing AutoCAD 2000 or 
newer drafting package.  Drawings shall be prepared in a professional manner and 
shall have borders and a title block identifying the project, manufacturer with 
address and phone number, system, drawing number, drawing title, AutoCAD file 
name, project engineer, date, revisions, and type of drawing. Drawings shall be no 
smaller than 11" x 17" and printed with a laser jet printer or plotted in ink on 
vellum. The lettering shall be legible and no smaller than 0.075 inch in height. 
Diagrams shall carry a uniform and coordinated set of wire colors, wire numbers, 
and terminal block numbers.  The shop drawings shall include the following as a 
minimum: 

1. Electrical one-line diagrams detailing all devices associated with the 
power distribution system.  The following applicable information or data 
shall be shown on the one- or three- line diagram: location, size and 
amperage rating of bus; size and amperage rating of wire or cable; breaker 
ratings, number of poles, and frame sizes; power fail and other protective 
devices; fuse size and type. 

2. Detailed analog and digital I/O diagrams showing the wiring requirements 
for each instrument or device connection. Reference the Contract 
Drawings for an example of each I/O card drawing requirements.  If one is 
not included in the Contract Drawings, then one may be obtained from the 
Engineer upon request.   

3. Elementary (wiring) diagrams shall be provided for all relay logic, 
programmable logic controls, motor controls, power supplies, and other 
wiring.  All elementary (wiring) diagrams shall be drawn in JIC EMP/EGP 
format and standards showing ladder rung numbers and coil and contact 
cross referencing numbers. 

4. Enclosure and Elevation layout diagrams shall be provided to show all 
deadfront, front panel and backpan devices drawn to scale. Show 
fabrication methods and details; including material of construction, paint 
color, door latch and lock, and ventilation system. Submit base plan 
showing allowed conduit entrance areas and bolt hole locations. 

5. Submit full size drawing of all nameplates and tags, as specified herein, to 
be used on project.  Submittal to include the following: 
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a. Dimensions of nameplate. 
b. Exact lettering and font for each nameplate. 
c. Color of nameplate. 
d. Color of lettering. 
e. Materials of construction. 
f. Method and materials for attachment. 
g. Drawing showing location of nameplates on each, panel and 

enclosure. 

E. Seismic Anchor Design Calculations 

1. All switchgear, motor controls centers, transformers, cabinets, raceways, 
supports, and electrical materials shall be so installed as to remain in a 
secure and captive position when subjected to a horizontal force in 
accordance with the California Building Code for Seismic Zone 4 
requirements. A seismic importance factor, corresponding to Essential 
Facility Occupancy Category, shall be used. Method of securing shall 
constrain equipment against both vertical and horizontal forces and 
overturning forces. 

2. Calculations shall be submitted, as prepared by a structural engineer 
registered in the State of California, for earthquakes forces on all specified 
equipment.  Calculations shall include wind loading forces for equipment 
installed outdoors.  Describe requirements for anchorage, components, 
layout, location and size of all bolts, straps, clips or other devices used. 

PART 2: PRODUCTS 

2.01 QUALITY 

A. All equipment and materials shall be new, in current production, and the products 
of reputable suppliers having adequate experience in the manufacture of these 
particular items.  For uniformity, only one manufacturer will be accepted for each 
type of product. 

B. Products specified that have become obsolete (out of current manufacturing, or 
have been superseded by another product) shall be cross-referenced to a 
replacement product(s) and provided in lieu of the specified product(s) for no 
additional cost.  Under no conditions, shall products be submitted or furnished 
that are known (on manufacturer’s list of obsolescence) and expected to be 
removed from current production within 12 months after of project submittal.  
Products found to have been furnished this way will be removed and replaced at 
Contractor’s expense. 

C. All equipment shall be designed for the service intended and shall be of rugged 
construction, of ample strength for all stresses which may occur during 
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fabrication, transportation, erection, and continuous or intermittent operation.  All 
equipment shall be adequately braced and anchored and shall be installed in a neat 
and workmanlike manner.  Appearance and safety, as well as utility, shall be 
given consideration in the design of details. All components and devices installed 
shall be standard items of industrial grade, unless otherwise noted, and shall be of 
sturdy and durable construction suitable for long, trouble free service.  Light duty, 
fragile and competitive grade devices of questionable durability shall not be used. 

D. Products that are specified and include a manufacturer, trade name or catalog 
number are intended to establish a standard of quality, performance, warranty and 
service.  Products that are specified “or equal” or “or approved equal,” do not 
prohibit the use of equal products of other manufacturers provided they are 
submitted and favorably reviewed by the Engineer prior to procurement and 
installation.   

E. Underwriters Laboratories (UL) listing is required for all substituted equipment 
when such a listing is available for the first named equipment.  

F. When required by the Contract Specifications or requested by the Engineer, the 
Contractor shall submit equipment or material samples for test or evaluation. The 
samples shall be furnished with information as to their source and prepared in 
such quantities and sizes as may be required for proper examination and tests, 
with all freight and charges prepaid. All samples shall be submitted before 
shipment of the equipment or material to the job site and in ample time to permit 
the making of proper tests, analyses, examinations, rejections, and resubmissions 
before incorporated into the work.  

2.02 NAMEPLATES & TAGS 

A. Equipment exterior nameplates - Nameplate material shall be rigid laminated 
black plastic with beveled edges and white lettering; except for caution, warning, 
and danger nameplates the color shall be red with white lettering. The size of the 
nameplate shall be as shown on the drawings. No letters are allowed smaller than 
3/16".  All nameplates located outdoors shall be UV resistant.  Securely fasten 
nameplates in place using two stainless steel screws if the nameplate is not an 
integral part of the device. Epoxy cement or glued on nameplates will not be 
acceptable. Engrave the nameplates with the inscriptions as approved by the 
Engineer in the submittal. 

1. For each major piece of electrical equipment provide a manufacturer's 
nameplate showing the Contract specified name and number designation, 
and pertinent ratings such as voltage, # of phases, ratings, etc.  

2. For each device with a specific identity (pushbutton, indicator, instrument, 
etc.) mounted on the exterior or deadfront of a piece of equipment provide 
a nameplate with the inscription as shown in the Contract documents.  
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3. Where no inscription is indicated in the Contract documents, furnish 
nameplates with an appropriate inscription providing the name and 
number of device.  

B. Equipment Interior Nameplates -  Nameplate material shall be clear plastic with 
black machine printed lettering as produced by a KROY or similar machine; 
except caution, warning, and danger nameplates shall  have red lettering. The size 
of the nameplate tape shall be no smaller than 1/2” in height with 3/8" lettering 
unless otherwise approved by the Engineer. Securely fasten nameplates in place 
on a clean surface using the adhesion of the tape.  For each device with a specific 
identity (relay, module, power supply, fuse, terminal block, etc.) mounted in the 
interior of a piece of equipment provide a nameplate with the inscription as shown 
in the Contract documents. Where no inscription is indicated in the Contract 
documents, furnish nameplates with an appropriate inscription providing the name 
and number of device used on the submittal drawings. Stamp the nameplates with 
the inscriptions as approved by the Engineer in the submittal. 

C. Equipment Tags - When there is no space or it is impractical to attach an 
engraved plastic nameplate with screws, as is the case with most field devices and 
instruments, the Contractor shall attach a tag to the equipment with the same 
inscriptions as specified above in paragraph A. The tag shall be made from 
stainless steel material and the size of the nameplate shall be no smaller than 
3/8"h x 2"w with 3/16" machine printed or engraved lettering unless otherwise 
approved by the Engineer. The tag shall be attached to the equipment with 
stainless steel wire of the type normally used for this purpose.  

2.03 FASTENERS 

A. Fasteners for securing equipment to walls, floors, or ceilings, shall be stainless 
steel.  The minimum size fastener shall be 3/8 inch diameter.  

2.04 COMPONENTS 

A. SWITCHES AND PUSHBUTTONS 

1. Switches (HS) and pushbuttons (HC) for general purpose applications 
shall be water and oil tight as defined by NEMA 4X, corrosion resistant as 
defined by NEMA ICS 6-110.58, U.L. listed, standard 30 mm diameter, 
with plastic holding nut.  

2. Switches and pushbuttons shall have contacts rated NEMA A600 or 10 
amperes continuous and 600 VAC.  Provide NO and NC contacts as 
required. 

3. Engraved black legend plates shall be provided to define each switch and 
pushbutton function. 
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4. Selector switch handles and pushbutton caps shall be black unless 
otherwise noted on drawing.  Lock-out stop caps shall be red. 

5. Selector switches for hand-off-auto (HOA) applications shall have the 
hand position to the left, off in center, and auto in the right position. 

6. Pushbuttons and selector switches in hazardous locations shall have 
hermetically sealed contacts or explosion proof enclosures. 

7. Lockout stop pushbuttons shall include padlocking attachment.  
Pushbutton type shall be coordinated with padlock attachment type.   

8. Switches and pushbuttons shall be Allen-Bradley 800H, or approved 
equal. 

B. INDICATING LIGHTS 

1. Indicating Lights for general purpose applications shall be NEMA 4X, 
corrosion resistant as defined by NEMA ICS 6-110.58, U.L. listed, 30 mm 
diameter, with plastic lens, plastic holding nut, and miniature bayonet 
lamp base. 

2. Lamp shall be full voltage 120 VAC with 28 chip (min) High Intensity 
LED. 

3. Indicating lights shall have contacts rated NEMA A600 or 10 amperes 
continuous and 600 VAC.  Provide NO and NC contacts as required. 

4. Engraved black legend plates shall be provided to define each lights 
function. 

5. Indicating light type and color of lens shall as follows or as otherwise 
shown on the Contract Drawings: 

a. Open/On  Green 
b. Closed/Off  Red 
c. Alarm   Amber or Blue 
d. Power On  White 

6. Indicating lights designated "PTT" on wiring diagram or shown with push-
to-test wiring shall be provided with a push-to-test switch and wiring.  

7. Indication lights shall be Allen-Bradley 800H, or approved equal. 

C. RELAYS AND TIMERS 

1. General: Relays and timers shall be provided with N.O. or N.C. contacts 
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as shown on the Contract drawings. All spare contacts shown shall be 
provided. Contacts shall be rated 10 amps minimum at 120 VAC, 60 Hz 
unless otherwise shown on the Contract drawings. Coil voltage shall be 
120 VAC unless otherwise described or shown on the Contract drawings. 
Relays and timers shall be designed for continuous duty.  All relays shall 
be U.L. listed. All relays and sockets shall be the product of a single 
manufacturer.  The following is a summary of abbreviations associated 
with relays and timers: 

CR    – Control relay 
TR    – Timing relay 
TDOE  – Time delay on energization 
TDOD  – Time delay on de-energization 
IBT  – Intrusion Bypass Timer 

2. Sockets for plug-in relays and timers shall be standard industrial type din 
rail mount with barrier type pressure plate screw terminals.  Sockets shall 
be rated 300 VAC, 10 amps minimum. 

a. Blade 8 or 11 pin for coil voltage above 90 volts AC or DC. 

b. Octal 8 or 11 pin for coil voltage below 90 volts AC or DC. 

3. Control relays (CR) shall be plug-in type with neon indicating lights and 
clear see-through sealed housing to exclude dust. Provide IDEC Type RR, 
or approved equal.  Two form-C contacts (minimum) shall be provided on 
each relay.  

4. Time delay relays on energization (TR-TDOE) shall be solid state plug-in 
relays with adjustable timer ranges from 1 second to 10 hours selectable 
unless other ranges are shown.  Provide LED timer energized indicator 
lamp. Time delay relays shall be IDEC RTE, or approved equal.  

5. Time Delay Relays (TR-TDOD) 

a. Time delay relays on de-energization (TR-TDOD) (continuous 
power control input) shall be solid state plug-in relays with a timer 
adjustable range from 1 second to 10 hours selectable unless other 
ranges are shown.  Provide LED timer energized indicator lamp. 
Time delay relays shall be IDEC RTE, or approved equal. 

b. Time delay relays on de-energization (TR-TDOD) (true off) shall 
be solid state plug-in relays with a timer adjustable range from 1 
second to 10 minutes unless other ranges are shown.  True off time 
delay relays shall be IDEC GT3F-2, or approved equal. 
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6. Intrusion bypass timer (IBT) to be a 6 hour maximum spring wound timer 
with SPDT contacts with hold position, Intermatic model FF60MH series, 
or Paragon SW 

D. CIRCUIT BREAKERS 

1. Circuit breakers shall be of the indicating type, providing ON, OFF and 
TRIPPED positions of the operating handle.  Circuit breakers shall be 
quick-make, quick-break, with a thermal-magnetic (TM) action, except 
when protecting motor feeders where motor circuit protector (MCP) 
breakers with adjustable magnetic trip shall be used.  Where indicated, 
provide breakers with ground fault (GFI), Long (L), Short (S) and 
Instantaneous (I) adjustable trip functions. 

2. Circuit breakers shall be the bolt-on type.  The use of tandem or dual 
circuit breakers in a normal single-pole space to provide the number of 
poles or spaces specified are not acceptable.  All multiple-pole circuit 
breakers shall be designed so that an overload on one pole automatically 
causes all poles to open.   

3. Each 480 volt circuit breaker shall have a minimum interrupting capacity 
of 42,000 amperes or as otherwise shown in the drawings. Each 120 or 
208 or 240 volt breaker shall be rated for a minimum 10,000 amperes 
interrupting capacity. Breakers shall be sized as shown on Drawings and 
as necessary for the supplied equipment. 

4. Circuit breakers and motor circuit protectors shall be manufactured by 
Cutler-Hammer, G.E., ITE, or approved equal. 

E. CONTROL POWER TRANSFORMER 

1. Control power transformer shall be epoxy encapsulated for dust and 
moisture protection.  The internal wiring shall be copper and have 105 
deg. C insulation rating.  The unit shall feature barriered screw terminals 
for connection to electrical circuits.  Provide with time-delay, slow-blow 
secondary fuse rated to protect the transformer and interrupt 10,000 
amperes at 120VAC.  Two primary fuses rated for 480 VAC and AIC as 
shown in the drawings shall be provided.  Transformer minimum size and 
voltage ratings shall be as shown on Contract drawings.  Control power 
transformer shall be Micron Impervitran, Cutler Hammer MTE or 
approved equal. 

F. VOLTAGE MONITOR RELAY (VMR) 

1. The voltage monitor relay (VMR) shall continuously monitor the three 
phases for power loss, low voltage, phase loss, and phase reversal.  The 
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VMR shall interface to the control circuit with DPDT contacts rated for 4 
Amps at 120 VAC.  The VMR shall have a drop-out voltage adjustment, 
time delay adjustment, and status indicating LEDs.  Voltage monitor relay 
shall be Time Mark 2652, or approved equal. 

2.05 DEVICES 

A. SWITCHES 

1. General purpose specification grade switches shall be manufactured in 
accordance with UL 20. Switches shall be one pole rated, 20 amps, at 277 
VAC, 1HP at 120 VAC, 2 HP at 240 VAC.  Switches shall have copper 
alloy contact arm with silver cadmium oxide contacts.  Switches shall 
have slotted terminal screws and a separate green grounding screw.  
Provide Leviton 1221, or approved equal. 

2. Wall mount motion detector switches (denoted with M next to switch 
symbol in drawings) shall utilize passive infrared detection with 180 deg 
field of view to determine if the space is occupied by personnel.  The 
device shall be capable of switching incandescent (800W at 120V) and 
fluorescent (1200VA at 120V) lamps with electronic ballasts.  The device 
shall feature a manual-off-auto switch.  A delay off time adjustment shall 
be settable from 30 seconds to 30 minutes.  The device shall incorporate a 
photocell with light intensity adjustment to keep the switch from 
activating when light levels are above setting.  Provide Leviton ODS10, or 
approved equal. 

3. Timer Switches (denoted with T next to switch symbol in drawings) shall 
provide a variable time range countdown of lighting circuit.  Depressing 
touchplate turns lights on for the dial setting located behind the touchplate.  
Dial setting ranges of 1 minute to 18 hours shall be attainable.  An 
illuminated LED indicates the load is on and blinking LED accompanied 
by annunciator sound indicates end of time cycle.  Device shall be capable 
of switching incandescent (600W at 120V) and fluorescent (900W at 
120V) lamps with electronic ballasts.  Timer Switch shall be Leviton 
6652, or approved equal. 

4. Thermostat Switches (T in circle on drawings) shall have a plastic NEMA 
4X rated housing with stainless steel temperature sensing coil externally 
mounted.  A face mounted dial shall allow temperature settings for heating 
and cooling from 40 to 104 deg F.  The switch shall be rated for 120/240 
volt at 10A inductive/16A resistive, SPDT.  Temperature switch shall be 
Esapco TH15 or approved equal. 

5. Special purpose switches shall be provided with the amperage, voltage, 
and configuration as shown on the Drawings. Switches used as motor 
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disconnects for single phase motors shall be horsepower rated. 

B. RECEPTACLES 

1. General purpose receptacles shall be duplex and rated 20 amps, 120 VAC, 
2 pole, 3 wire grounding, NEMA 5-20R configuration, specification 
grade, and side wired to screw terminals. Face color shall be ivory. 
General purpose receptacles shall be specification grade Leviton 5362-I or 
approved equal. 

2. GFI, ground fault circuit interrupting, receptacles (denoted by GFI next to 
receptacle symbol on plan) shall be used in all boxes shown as 
weatherproof. GFI receptacles shall be duplex, 20A, 120V, with "test" and 
"reset" buttons with shallow design for mounting and standard screw 
terminals for direct wiring.   “Daisy Chain” connecting multiple 
receptacles from one GFI unit is not acceptable. GFI receptacles shall be 
Leviton 8898, or approved equal. 

C. DISCONNECT SWITCH 

1. Disconnect Switch shall be heavy duty horsepower rated, three pole, 
single throw, fusible/non-fusible with quick make/break operating 
mechanism.  The enclosure shall be painted steel and rated NEMA 3R.  
The enclosed switch shall be rated for 480 Volt, and 10 HP (minimum) 
unless otherwise shown on the drawings.  Provide fuses, auxiliary 
contacts, or indicators as required by the motor control or one-line 
diagram.  The operator shall actuate the switch via a side mounted handle 
and have provisions for up to 3 padlocks.  Disconnect switch shall be 
Cutler Hammer or approved equal. 

2.06 GENERATOR CONNECTION PANEL 

A. Generator Termination Enclosure shall utilize Leviton 16 series Cam-Type male 
and female connectors.  The panel shall be UL listed. Provide and install male 
receptacles on panel, rated 400 amps per phase on panel.  Generator Termination 
Enclosure shall be weatherproof and stand alone as shown on Contract Drawings. 

B. Generator Control receptacle shall be rated 14A, 600V, 10 conductor.  Epic 
female receptacles model 10.4411 with base 70.4440.  Generator cord mounted 
generator control plugs, shall be rated 14A, 600V, 10 conductor, Epic male plugs 
model 10.4401 with hood 70.4624NP.  Provide components to replace two 
existing control plugs on existing generators. 

C. Generator Hook-up 

1. Provide single conductor power supply cable for each phase plus ground 
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to connect generator to building or electrical system to be powered.  See 
electrical one-line drawings for cable amperage and conductor 
requirements.  Cable jacket shall be UV and oil resistant PVC.  Individual 
conductors shall have type K stranding for flexibility, and 90 deg C, 2000 
Volt, EPDM insulation.  Cable shall be Carol cable, Super VU-Tron II 
type SO, W Diesel Locomotive or approved equal. 

a. Cable length shall be 25 feet each, quantity 6. 

2. Cable(s) shall include a female plugs(s) mounted on one end as be 
compatible with male receptacle to be connected.  Female plugs shall be 
sized appropriately for cable diameter. 

a. Provide 400A, 480 vac rated, Leviton Series 16 double set screw 
female mating plugs or approved equal.   

3. Cables and receptacle shall be assembled, tested and provided for 
immediate use on SSWD Generator. 

2.07 UTILITY METERING SWITCHBOARD  

A. Metering Panel 

1. Provide totally metal enclosed front accessible, self contained meter/main 
power utility metering panel.  Voltage, phase, AIC and continuous 
amperage rating shall be as shown on Contract Drawings.  Panel will 
include meter socket, factory installed main breaker(s) and test by-pass 
facility. 

2. Design entrance features per NEC, local codes, and serving Utility 
requirements. 

3. Metering enclosure shall be NEMA 3R construction for underground 
utility service.  Enclosure shall be manufactured from galvanized 16 ga. 
(min) sheet steel.  The cabinet shall be finished with ANSI 61 gray enamel 
paint.  Provide pad mount, surface mount or flush mount cabinet per 
installation detail. 

4. Provide remote CT metering panel with test switches and meter socket.  
Enclosure shall be rated NEMA 3R for outside installation.  Provide meter 
socket meeting serving Utility standards. 

5. Utility metering switchboard shall be Cutler Hammer Pow-R-Line, Tesco 
Metering Switchboard or approved equal. 

B. Switchboard 
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1. Switchboard shall be front accessible with group mounted, buss connected 
circuit protective devices.  Where provisions for future circuit protective 
devices are required, space for the device, corresponding vertical buss, 
device connectors and the necessary mounting hardware shall be supplied. 

2. Distribution section shall meet all requirements per NEC, local codes, and 
as defined in the drawings. 

3. Power buss shall be copper, 3 phase, 4 wire, 480 volt, 42,000 AIC 
minimum (or as shown otherwise in the drawings). 

4. Ground buss shall be copper and rated per NEC relative to the power bus 
amperage rating. 

5. Switchboard enclosure shall be NEMA rated as shown in the drawings. 

6. Utility metering switchboard shall be Cutler Hammer Pow-R-Line, or 
approved equal. 

C. SURGE SUPPRESSOR (TVSS) 

1. TVSS shall be suitable Service entrance loacation per ANSI/IEEE C62.41 
for and tested according to ANSI/IEEE C62.44 and UL1449 as Secondary 
Surge Arrestor. 

2. Unit shall be sealed and not allow vapors from entering the switchboard 
enclosure after a voltage surge event. 

3. Modes of protection – Line to Line, Line to Ground, Line to Neutral (as 
applicable).  Voltage, phase and neutral connections per one-line diagram. 
Current surge capacity shall be 60,000 amps per mode minimum 

4. The TVSS shall be factory installed inside the switchboard during 
assembly by the original equipment manufacturer.  The OEM design shall 
be integral to the design of the switchgear with special paneling and 
cutouts specifically designed for unit mounting.  

5. The TVSS connections shall be located as close as possible to the load 
side of main disconnect device and ground/neutral bar. 

6. The TVSS shall have integral 30-amp disconnect and fuses.  Service of the 
TVSS assembly, fuses or other serviceable components shall be from front 
access of the switchboard and shall not require disassembly of 
switchboard panels to repair or replace parts. 

7. Surge Suppressor TVSS shall be Cutler-Hammer Clipper, Current 
Technology TransGuard or approved equal. 
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D. Power Monitor 

1. Provide a microprocessor based line of multifunction, power and energy 
meters.  The meter device shall be UL listed. All meters shall have the 
following ratings, features, and functions; unless a specific meter type is 
designated. 

a. Meter shall be designed for Multifunction Electrical Measurement 
on 3 phase power systems. The Meter shall support 3-Element 
Wye, 2.5 Element Wye, 2 Element Delta, 4 wire Delta systems. 

b. Meter surge withstand shall conform to ANSI C62.41 (6KV) 

c. The meter shall be user programmable for voltage range to any PT 
ratio.  

d. The meter shall have a burden of 1 Mega Ohm, 0.014W at 120 
Volts. 

e. The meter shall accept a direct voltage input range of up to 576 
Volts Line to Neutral, and a range of up to 721 Volts Line to Line.  

f. Meter shall accept a current input of up to 11 amps continuous.  
Start up current for a 5 Amp input shall be no greater than .005 
Amps. 

2. Power meter shall be capable of a dual input method for current inputs.  
As standard the meter shall be designed to allow the CT circuit to pass 
directly through the meter without any physical termination on the meter, 
ensuring the meter cannot be a point of failure on the CT circuit.  As an 
option where indicated on the drawing or required for the application, 
provide additional termination pass-through bars, allowing the CT leads to 
be terminated on the meter.  The meter must be capable of supporting both 
termination methods. 

3. The meter shall have the following additional ratings and features:  

a. Fault Current Withstand shall be 100 Amps for 10 seconds, 300 
Amps for 3 seconds, and 500 Amps for 1 second. 

b. Meter shall be programmable for current to any CT ratio.  The use 
of DIP switches for selecting fixed ratios shall not be acceptable 

c. Meter shall have a maximum burden of 0.005VA per phase, at the 
maximum at 11 Amperes continuous input. 

d. Meter to accept a pass through wire gauge dimension of 0.177” / 
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4.5 mm. 

4. The meter shall have an accuracy of +/- 0.1% or better for volts and amps, 
and 0.2% for power and energy functions.  The meter shall meet the 
accuracy requirements of IEC687 (class 0.2%) and ANSI C12.20 (Class 
0.2%). 

a. The meter shall provide true RMS measurements of voltage, phase 
to neutral and phase to phase; current, per phase and neutral. 

b. The meter shall provide sampling at 400+ samples per cycle on all 
channels measured readings simultaneously. 

c. Type meter shall provide total % THD (Total Harmonic 
Distortion) Monitoring to the 40th order for Voltage and current 
per phase, and shall provide Volts, Amps, kW, kVAR, PF, kVA, 
Frequency., kWh, kVAh, kVARh and 1 KYZ pulse output and 
limit exceeded alarms. 

5. The meter shall include a three-line, bright red, .56” LED display. 

a. The meter shall fit in both DIN 92mm and ANSI C39.1 Round cut-
outs. 

b. The meter must display a % of FULL SCALE on the front panel to 
provide an analog feel.  The % FULL SCALE shall have not less 
than 10 segments. 

6. The meter shall be available in transducer only version, which shall not 
include a display. The transducer version shall mount directly to a DIN 
rail. 

7. The Transducer portion of the meter shall be capable of RS485 Modbus 
communications. 

8. Meter shall be a traceable revenue meter, which shall contain a utility 
grade test pulse allowing power providers to verify and confirm that the 
meter is performing to its rated accuracy.  

9. The meter shall include 1 independent communications port on the back, 
with advanced features. 

a. The port shall provide RS485 communication with Modbus ASCII, 
Modbus RTU, or DNP 3.0 protocol.   

b. Baud rates shall be from 9600 baud to 57,600 baud. 
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10. The meter shall be capable of operating on a power supply of 90 to 265 
Volts AC and 100 to 370 Volts DC.  Universal Power AC/DC Supply 
shall be available.  An option shall also be available to operate on a power 
supply from 18-60 VDC. 

a. Meter AC/DC power supply shall accept burden of 10VA max. 

11. Meter shall provide update rate of 100msec for Watts, Var and VA.  All 
other parameters shall be 1 second maximum. 

12. The meter shall have I/O and communication expandability through two 
Option card slots on the back.  

a. The cards shall be capable of being installed in the field, without 
removing the meter from installation.  

b. The meter shall auto-detect the presence of any I/O Option cards. 

c. The Option card slots shall accept I/O cards in all of the following 
formats: Four channel bi-directional 0-1mA Output Card; Four 
Channel 4-20mA Output Card; Two Relay Outputs/2 Status Inputs 
Card; Four Pulses/4 Status Inputs Card.  

d. The Option card slots shall accept communication cards in all of 
the following formats: 100BaseT Ethernet Modbus TCP; Fiber 
Optic Ethernet Modbus TCP.   

e. The meter shall be capable of accepting any combination of up to 
two cards. 

13. Power meter shall be able to be stored in (-20 to +70) degrees C. 

14. Operating temperature shall be (-20 to +70) degrees C. 

15. A NEMA 12 faceplate rating shall be available for the meter. 

16. Power Monitor shall be Electro Industries/GaugeTech Shark200 with 
INP100S 100BaseT Ethernet and RO1S Relay Output expansion cards, or 
approved equal. 

2.08 RADIO SYSTEM 

A. RADIO MODEM 

1. Unlicensed 450 Mhz spread spectrum radio for continuous 
communications to multiple addresses.  The radio shall be system 
addressable to minimize interference from adjacent systems with different 
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system addresses.  The radio shall utilize a DB-25 RS-232 port for 
communications input and N-Female connector for antenna lead 
connection output.  The radio shall operate on DC voltage as shown in 
contract drawings.  The radio shall operate to full performance over a 
temperature range of -30 deg C to +60 deg C.  The radio shall be MDS 
4710 with diagnostics, or approved equal.  Obtain exact frequency by 
submitting an RFI for owner license information. 

B. ANTENNA 

1. Each antenna system shall be furnished and installed complete and 
functional for the intended use. An antenna system shall include but not be 
limited to, antenna, antenna pole, mounting hardware, lightning arrestor, 
and coaxial cables with connectors. 

2. Antenna system shall be meet the following specifications: 

a. Antenna shall be installed and supported as shown on the Contract 
Drawings. Support members shall have sufficient strength to 
withstand local wind conditions and shall be protected from sun 
exposure and weather damage.  

b. Support hardware such as clamps, orientation mounts, and offset 
brackets shall be steel protected with a hot dip galvanized finish or 
stainless steel. Clamps and mounts shall be heavy duty in order to 
transfer the full antenna load to the support tower or mast. Bolts 
and screws shall be stainless steel. 

c. The radio antenna shall be 9 dB gain, 430-460 Mhz, aluminum, 
circumferential welded construction, black powder coat finish, 
directional type Yagi, VSWR 1.5:1, 50 ohm impedance, N-female 
connection, Maxrad Model BMOY 4305 or approved equal. 

C. TRANSMISSION CABLE 

1. Provide 50 Ohm, 3/8” weatherproof coaxial cable from lighting arrestor to 
antenna. The coax cable shall have a corrugated outer conductor of 
copper, copper-clad aluminum inner conductor with foam dielectric. The 
coax cable shall be jacketed for corrosive environment and ultra-violet 
exposure. The coax cable shall be capable of a minimum bending radius of 
3.75 inches. The cable shall be installed as one continuous length from the 
antenna to the lighting arrestor.  Antenna cable shall be Andrew LDF2P-
50-3 3/8" coax cable or approved equal. 

2. Cable end “N” connectors shall be furnished for field installation after the 
cable is run in conduit.  Provide straight or right angle connectors as 
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required for the installation as required. 

3. Pigtail connector.  Provide low loss connection cable for connecting the 
Radio antenna connection to the lightning arrestor.  Pigtail shall have 
compatible connectors for the radio and lightning arrestor. 

4. Furnish an antenna lighting arrestor with “N” connector on the antenna 
coaxial transmission line.  The lighting arrestor shall be grounded to the 
control panel ground buss by a #8 AWG or larger bonding wire.  The 
lightning arrestor shall be a PolyPhaser IS-50NX-C2 or equal with flange 
mount. 

5. The cable shall be carefully installed to prevent damage to the jacket and 
routed with a minimum bending radius of 8 inches except where required 
at the conduit to free-air transition. 

6. Provide connector weatherproofing kits for outdoor exposed connectors 
and grounding strap attachments. All mating connectors that are exposed 
to weather shall be wrapped with a sealing material designed to protect 
against water and dirt entry into the connectors. 

7. Provide miscellaneous hardware such as grounding kits, hanger kits, and 
feed through assemblies.  Grounding kits shall ground the coaxial shield 
within 1 foot of the cable connector at the antenna.  Provide Andrew Sure-
Ground or equal. 

PART 3: EXECUTION 

3.01 CONSTRUCTION METHODS 

A. Equipment shall be assembled and wired by the manufacturer prior to shipment. 
Field modifications or changes are not allowed without a written "change order" 
to the Contract.  Field changes, however large or small, shall be executed using 
the components, materials, wiring, labeling, and assembly methods identical to 
that of the original supplied equipment. 

B. Electrical plugs, receptacles, cords, and connectors required to power or interface 
the equipment and panels shall be furnished and installed by the Contractor. 

C. Factory as-built drawings for each custom manufactured control panel or MCC 
shall be shipped with the equipment and placed inside in waterproof envelopes.   

3.02 EQUIPMENT FABRICATION 

A. All electrical equipment, including custom manufactured equipment, shall meet 
the requirements of Underwriters Laboratories (UL) and bear the appropriate 
label.  Panels shall be affixed with UL label prior to shipment and be built in 
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accordance with the UL guidelines and procedure that corresponds to the UL 
label.  Custom control equipment shall bear a UL-508 label, minimum, with 
additional UL labels as required per intended service. 

B. Panel cutouts for devices (i.e. indicating lights, switches) shall be cut, punched, or 
drilled and smoothly finished with rounded edges. Exposed metal from cutouts 
that are made after the final paint finish has been applied shall be touched up with 
a matching paint prior to installing device. 

C. Equipment doors shall swing freely and close and latch with proper alignment. 

D. Component within the electrical equipment shall be securely mounted on an 
interior subpanel or backpan and arranged for easy servicing.  Mounting bolts and 
screws shall be front mounted for device removal without special tools or removal 
of entire mounting panel. 

E. A ground bus shall be provided in each enclosure or cabinet. It shall have 
provisions for connecting a minimum of ten grounding conductors.  Screw type 
lugs shall be provided for connection of grounding conductors. All grounding 
conductors shall be sized as shown on plans or in accordance with NEC Table 
250-95, whichever is larger. 

F. Bolts and screws for mounting devices on doors shall have a flush head which 
blends into the device or door surface.  No fastening devices shall project through 
the outer surfaces of equipment.  

3.03 WORKMANSHIP 

A. All work in this division shall conform to the codes and standards outlined herein. 

B. Installation shall be performed by qualified personnel providing first class 
workmanship per 16010, Qualifications. 

C. Maintain equipment installed (or to be installed) in new condition.  Protect 
equipment from damage while in Contractor care from dust, water, or mishaps 
that are typical to construction sites  

D. Confirm that equipment and materials are correct for their intended duty and will 
be installed per manufacturer guidelines.  Equipment and components found to be 
installed inconsistent with manufacturer guidelines and/or these specifications 
will not be acceptable and subject to removal and replacement. 

E. Upon completion of daily work, remove excess materials, scraps, and debris from 
the work area and from the inside of equipment.   

F. Equipment furnished under this contract or provided to Contractor for installation 
shall be installed in accordance with manufacturer's instructions, installation 
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calculations, and Contract documents.  

3.04 EQUIPMENT SHIPMENT AND STORAGE 

A. Shipment -- Any equipment whose destination (jobsite) is more than 25 miles 
from the factory shall be carefully protected for shipping.  All openings shall be 
protected by plywood securely fastened to the framework of the equipment.  
Equipment shall be adequately covered during local delivery. 

B. Storage -- From the time of receipt until the equipment is installed and energized, 
the equipment shall be considered in storage.  While in storage, a 120V, 1 phase 
source of power shall be made available and connected to space heaters in all 
items of equipment so equipped. Equipment not provided with space heaters shall 
be provided with a light bulb or electric heater while in storage to prevent 
moisture condensation.  Unless stored indoors, it shall be a least 1 foot above 
grade covered with at least 2 layers of heavy polyethylene plastic sheets and 
anchored to prevent damage by high winds.  All equipment shall be protected 
from dust and moisture prior to and during construction.  . 

3.05 DAMAGED PRODUCTS 

A. Damaged products that cannot be repaired to new condition shall be replaced with 
new products.  All equipment and materials shall be in like-new condition at start-
up and commissioning. 

B. Minor cosmetic damage shall be repaired by spray painting, after properly 
preparing the surface, all scratches or defects in the finish of the equipment.  Only 
identical paint furnished by the equipment manufacturer shall be used for such 
purposes. 

3.06 INSTALLATION 

A. General 

1. Install all products per manufacturer's recommendations and the 
Drawings. 

2. Provide all necessary hardware, conduit, wiring, fittings, and devices to 
connect the electrical equipment provided under other Sections.   

3. Protect wiring insulation from wear by installing rubber cushions, 
bushings, or strip insulation, or by fastening the wiring to a rigid surface 
with zip ties and anchors. 

4. Provide additional devices, wiring, conduits, relays, signal converters, 
isolators to complete interfaces of the electrical and instrumentation 
system. 
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5. Changing normally open contacts to normally closed contacts or vice 
versa 

6. Adding additional relays to provide more contacts as necessary. 

7. All programmable devices (not specifically excluded herein) shall be 
programmed, set-up and tested by the Contractor prior to startup.  
Programming and set-up parameters shall be adjusted or changed as 
directed by the Engineer during start-up and throughout the warranty 
period. 

8. Coordinate with the Engineer and setup all alarm, process, and operation 
setpoints. 

9. Keep a copy of the manufacturer’s installation instructions on the jobsite 
available for review at all times prior to and during the installation of the 
associated equipment. 

B. Panels and enclosures: 

1. Install panels and enclosures at the location shown on the Plans or 
approved by the Engineer. 

2. Install level and plumb. 

3. Seal all enclosure openings to prevent entrance of insects and rodents.  

4. Clearance about electrical equipment shall meet the minimum 
requirements of NEC 110.26 

C. Conduits and Ducts:  

1. Install all conduits and ducts per 16110 - Conduit, Boxes & Grounding 

2. Minimum wire bending space at terminals and minimum width of wiring 
gutters shall comply with NEC tables 373-6 (a) & (b).  

D. Wiring, Grounding, and Shielding: 

1. Observe proper grounding and shielding practices as this application 
environment is generally noisy. The shield of shielded cables shall be 
terminated to ground at one end only, the origination end. The shield at the 
other end shall be encased in an insulated material to isolate it from 
ground. 

E. Cutting and Patching: 
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1. The Contractor shall do all cutting and patching required for installing his 
work.  Any cutting which may impair the structure shall require prior 
approval by the Engineer.  Cutting and patching shall be done only by 
skilled labor of the respective trades. All surfaces shall be restored to their 
original condition after cutting and patching. 

F. Cleaning and Touch up: 

1. At the completion of the work, all parts of the installation, including all 
equipment, exposed conduit, and fittings, shall be thoroughly cleaned of 
grease and metal cuttings.  Any discoloration or other damage to parts of 
the building, the finish, or the furnishings, due to the Contractor's failure 
to properly clean the system, shall be repaired by the Contractor.  

2. The Contractor shall thoroughly clean any of his exposed work requiring 
same. 

3. Vacuum and clean the inside of all electrical and instrumentation 
enclosures prior to applying power. 

4. The Contractor shall paint scratched or blemished surfaces with the 
necessary coats of quick drying paint to match existing color, texture and 
thickness.  This shall include all prime painted electrical equipment 
including but not limited to enclosures, poles, boxes, devices etc. 

3.07 INITIAL APPLICATION OF POWER 

A. The Engineer will direct the energization and de-energization of all existing and 
new equipment.  The Contractor is not authorized to energize or de-energize any 
equipment unless he has been given written permission to do so or while in the 
presence of the Engineer. 

1. Any equipment that is under repair, demolition or installation shall be 
locked off and tagged out of service with Contractor supplied padlocks 
and tags. 

B. The Contractor is responsible for grounding of high and medium voltage cabling 
and/or bus during installation and removal of equipment.  The contractor is 
responsible for complying with all California Electrical Safety Orders (ESO) and 
Occupational Safety and Health Act (OSHA) safety requirements and procedures 
while working in or near medium voltage equipment. 

3.08 OPERATING AND MAINTENANCE INSTRUCTIONS   

A. Operational Training 

1. At time of completion, the Contractor shall provide a period of not less 
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than 6 hours training for instruction of operation and maintenance 
personnel in the use of systems.  Instruct all personnel at one time in one 
session.  Make necessary arrangements with manufacturer's representative.  
Provide product literature and application guides for user's reference 
during instruction. 

B. Operations and Maintenance Manuals 

1. Provide Operation and Maintenance manuals per specifications as 
described in “Submittal Requirements” in this section with the following 
additional requirements: 

a. A comprehensive index. 

b. A complete "Record" set of favorably reviewed electrical 
submittals as provided under subsection “Submittal Requirements” 
illustrating all components, piping, and electrical connections. 

c. A complete list of the equipment supplied, including serial 
numbers, ranges, catalog cuts, and pertinent data. 

d. Full specifications on each item. 

e. Detailed service, maintenance and operation instructions for each 
item supplied. Schematic diagrams of all electronic devices shall 
be included. A complete parts list with stock numbers shall be 
provided for the components that make up the assembly. All of 
these shall be originals, no copies. 

f. Special maintenance requirements particular to this system shall be 
clearly defined, along with special calibration and test procedures. 

g. PLC & OI applications programming and configurations (as 
applicable) 

2. Submit electronic readable PDF file format (CD disk copies (2) or email 
attachments) of the proposed O&M manuals for review by the Engineer.  
Submittals shall be delivered timely to the Engineer to allow for review 
period, corrections, and re-submissions as necessary. 

a. General Contractor supervision must not be circumvented by 
sending submittals direct to Engineer. 

b. O&M Submittals shall be published 1st electronically and 2nd 
on hard copy paper stock.   

c. Electronic Submittals shall be transmitted with the hard copy 
submittals and be viewable using a PDF reader.   

d. Electronic submittals shall be assembled in accordance with 
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the specifications for hard copy submittals with table of 
contents, bookmarks, tabs, subtabs, etc. utilizing the electronic 
bookmarks feature available in the PDF assembler. 

e. Electronic (PDF) submittals must follow all applicable 
requirements for hard copy submittals including indexing, 
item selection indication, bookmarks,  etc. 

3. Provide four (4) hard copy O&M manuals per specifications as described 
in SUBMITTALS REQUIREMENTS in this section. 

a. Deliver approved hard-copy O&M manuals to the project site and 
Owner prior to pre-operational testing or equipment start-up. 

C. At the end of the project hard copy and soft copy electronic PDF files, shall be 
updated to "as-built" conditions. 

D. Provide two (2) sets of compact disk (CD) containing all drawings, programs, 
documents or other computer electronic files prepared for this project in native 
file format and updated to reflect as-built conditions. 

3.09 SPARE PARTS 

A. The Contractor shall supply all spare parts prior to start of field tests.  All parts 
shall be sealed in plastic bags and delivered to the site in a heavy duty plastic 
storage bag.  Bag shall be clearly labeled with part name & number and the 
corresponding equipment tagname. 

B. The Contractor shall make available any replacement parts that are not 
manufacturer's normal stock items for immediate service and repair of all the 
instrumentation equipment throughout the warranty period. 

C. The following spare parts shall be provided as part of this Contract: 

1. Ten fuses for each type of fuse below 31 amps, 3 of each type above 
2. Ten lamps for each type of light, two lamps per color if LED type. 
3. Two relays for each type of control, and time delay relay. 
4. One voltage monitoring relay or power fail relay. 

3.10 WARRANTY 

A. The Contractor shall warrant all electrical and instrumentation equipment & 
software for a period of one (1) year from date of final acceptance. Standard 
published warranties of equipment which exceed the preceding specified length of 
time shall be honored by the manufacturer or supplier. 

B. The Contractor shall have a staff of experienced personnel available to provide 
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on-site warranty service on two (2) working days notice during the warranty 
period.  Such personnel shall be capable of fully testing and diagnosing hardware 
& software and implementing corrective measures.  If the Contractor "fails to 
respond" in two (2) working days, the Owner, at his option, will proceed to have 
the warranty work completed by other resources.  All cost for these other 
resources shall be reimbursed in full by the Contractor. "Fail to respond" shall be 
defined as:  The Contractor has not shown a good faith effort and has not 
expended adequate resources to correct the problem.  The use of other resources, 
as stated above, shall not change or relieve the Contractor from fulfilling the 
remainder of the warranty requirements. 

C. Each time the System Integrator's repair person responds to a system malfunction 
during the warranty period, he or she must contact the designated maintenance 
supervisor for scheduling of the work, access to the jobsite, and permission to 
make repairs. Operation of facilities necessary to test equipment shall only be 
performed by or under the direction of the Operations Staff.  

3.11 FINAL ACCEPTANCE 

A. Final acceptance will be given by the Engineer after the equipment has passed the 
"final acceptance trial period", each deficiency has been corrected, final 
documentation has been provided, and all the requirements of design documents 
have been fulfilled. 

B. At the end of the project, following the completion of the field tests, and prior to 
final acceptance, the Contractor shall provide the following: 

1. Each "operation and maintenance" manual shall be modified or 
supplemented to reflect all field changes and as-built conditions.  

2. Two (2) disk copies of all final documentation to reflect as-built 
conditions. 

C. Keys:  Submit two sets of all keys for locks supplied on this project.  Wire all 
keys for each lock securely together.  Tag and plainly mark with lock number or 
equipment identification, and indicate physical location, such as panel or switch 
number. 

-END OF SECTION- 
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SECTION 16110 - CONDUIT, BOXES AND GROUNDING 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. Labor, materials, equipment, tools, safety gear, test equipment, incidentals, 
services, and transportation for a complete electro-mechanical installation as 
shown on the Drawings, included in these Specifications, or as can be reasonably 
implied from project descriptions. 

B. The conduit, devices, boxes, & grounding system scope of work includes: 

1. Provide and install miscellaneous trenching, conduits, junction boxes, 
field interconnection wiring, and associated hardware. 

2. Provide all necessary hardware, conduit, wiring, fittings, and devices to 
connect the electrical equipment provided under other Sections. 

C. Work includes that specified in Section 16010 - Electrical. 

1.02 SUBMITTALS REQUIREMENTS 

A. Provide submittals and drawings as specified in Section 16010 - Electrical, 
Submittal Requirements. 

PART 2: PRODUCTS 

2.01 CONDUIT, RACEWAYS AND WIREWAYS 

A. GENERAL - Conduit, raceways, and wireways, wiring methods, materials, 
installation shall meet all requirements of the NEC, be UL labeled for the 
application, and meet the minimum following specifications. 

1. All wiring shall be installed in conduits, raceways, or wireways when 
interconnecting equipment and devices. 

2. The Contractor shall use special conduit, raceways, wireways, 
construction methods, and materials as shown on the Contract drawings; 
which shall take precedence over any general methods and materials 
specified in this Section.  

3. The minimum size conduit shall be 3/4-inch unless indicated otherwise on 
the Drawings or for special connections to equipment. 

4. Conduit stubs for future use shall be capped with coupling and plug.  
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Identify each end with conduit labels. 

5. Conduits to be abandoned that protrude above graded shall be cut flush 
and filled with grout. 

6. Conduit Tags 

a. All conduits listed in the “Conduit and Wire Routing Schedule” 
shall have conduit tags at both ends of each conduit run.  This shall 
include ends within underground pull boxes.   

b. All conduits shall have temporary tags during construction.  
Temporary tags may be made from duct tape with hand written ink 
marking or suitable equivalent.  Temporary tags shall be removed 
by Contractor at time of installation of permanent tags. 

c. Tag material shall be rigid laminated red plastic with white 
lettering.  The size of the tag shall be 1" diameter.  No letters are 
allowed smaller than ¼”.  Tags shall be heat and UV resistant, 
stainproof, electrically non-conductive and non-corroding.  
Securely fasten tags in place using UV resistant, black plastic tie-
wraps. Engrave the tags, on both sides, with the conduit number as 
listed in the Conduit and Wire Routing Schedule.  Labeling shall 
be neatly installed for visibility and shall be clearly legible.  
Conduit tags shall be Brady Custom B-1 or approved equal. 

7. Supports 

a. Cross section of a single channel shall be 1-5/8" x 1-5/8" and 
cross-section of a double channel shall be 1-5/8" x 3-1/4".  The 
channel wall thickness shall be 12 gauge as applicable. 

b. One-Hole clamps shall be intended for pipe mounting on support 
channels and equipped with clamp-backs.  The clamps shall be 
Efcor, Thomas and Betts, Appleton or equal 

c. Spacers, provided to support underground conduits in concrete 
encasements, shall be plastic.  The spacers shall be Carlon, Johns-
Manville, Underground Products or equal 

d. Anchors shall be expansion type for securing equipment to 
concrete foundations, floors and walls.  Anchors shall have length 
identification mark on the exposed end of the bolt.  Provide Hilti 
Kwik Bolt 3, or equal. 

e. Stanchions shall be as shown on the drawings.  If a detail is not 
provided, then the stanchions shall be shop fabricated and welded 
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4” c-channel, 12” x 12” x ¼” steel base plate, coated with a rust 
inhibiting primer and top coat of gray polyurethane gloss paint.  
Attach equipment to the stanchion direct or on a ¼” aluminum 
sheet sized for the equipment supported. 

f. Conduit Hangers shall be trapease construction, with double 
channel, 3/8-inch rods and nuts.  Suspend from suitable structural 
support. 

g. Support material and finish shall be per the following table unless 
otherwise noted in the drawings.  Brackets, fittings and hardware 
shall be of the same material and finish. 

Location Material 
Indoors NEMA 12 Hot dipped galvanized 
Outdoors NEMA 4 Stainless Steel 
Corrosive areas 
NEMA4X 

PVC bonded, 40 mil, factory applied 

h. Channels shall be used for mounting equipment to walls and for 
supporting conduit runs.  Double channel type shall be used for 
fabricating equipment mounting racks as required and as detailed 
on the drawings.  All field cut surfaces of the channels shall be 
covered with matching zinc paint or PVC to match adjacent 
surface. 

B. STAINLESS STEEL RIGID STEEL CONDUIT  - (SSRS) 

1. Manufactured from 316 stainless steel.  Conduit and fittings shall meet UL 
514B, UL 6, and conform to NEMA RN 2.  Conduit shall be capable of 
being used as an equipment grounding conductor per NEC 250-91b. 

2. Provide stainless steel factory sweeps and elbows for 90 degree 
transitions. 

3. Fittings and device boxes shall be Stainless Steel.  Calbrite type FS/FD or 
approved equal. 

4. In hazardous locations, fittings shall meet and be listed UL 886. 

5. All fittings, hubs, couplings, pulling elbows and connectors shall be 
threaded-type.  Set-screw type and compression-type are not acceptable.  
All thread conduit is not allowed over 1/2” exposed length.  Cover plates 
shall be stainless steel with sealing gasket in NEMA 3R locations. 

6. Conduits shall be fitted with all stainless steel accessories, hubs, insulated 
grounding bushings, coupling, conduit bodies, and hardware.  Provide 
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Calbrite or approved equal. All grounding bushings shall be tied to the 
grounding system with properly sized bonding conductors per the NEC 
code. 

C. GALVANIZED RIGID STEEL CONDUIT  - (GRS) 

1. Manufactured from high-strength steel and hot dipped zinc galvanized 
inside and out.  Conduit and fittings shall meet UL 514B, UL 6, and 
conform to NEMA RN 2.  Conduit shall be capable of being used as an 
equipment grounding conductor per NEC 250-91b. 

2. Provide galvanized rigid steel factory sweeps and elbows for 90 degree 
transitions. 

3. Cast fittings and device boxes shall be malleable iron or aluminum.  
Appleton type FS/FD or approved equal. 

4. In hazardous locations, fittings shall meet and be listed UL 886. 

5. All fittings, hubs, couplings, pulling elbows and connectors shall be 
threaded-type.  Set-screw type and compression-type are not acceptable.  
All thread conduit is not allowed over 1/2” exposed length.  Cover plates 
shall be cast iron with sealing gasket in NEMA 3R locations. 

6. Pipe threads shall be treated with T & B "Kopr-Shield". 

7. Conduits entering enclosures shall be fitted with insulated grounding 
bushing; O-Z "HBLG", Appleton "GIB", or approved equal. All 
grounding bushings shall be tied to the grounding system with properly 
sized bonding conductors per the NEC code. 

D. GALVANIZED RIGID STEEL CONDUIT - PVC COATED (GRS-PVC) 

1. Galvanized Rigid Steel conduit with a 40-mil thick polyvinylchloride 
exterior coating and a urethane interior coating.  The bond of the PVC to 
the substrate must be stronger than the tensile strength of the PVC. 

2. Provide PVC coated galvanized rigid steel factory sweeps and elbows for 
90 degree transitions. 

3. Cast fittings and device boxes shall be malleable iron or aluminum with a 
40 mils thick PVC coating.  Robroy type FS/FD or approved equal.   

4. In hazardous locations, fittings shall meet and be listed UL 886. 

5. Provide PVC coated threaded-type fittings, hubs, pulling elbows, 
couplings, and connectors; set-screw type and compression-type are not 
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acceptable.   Form 8 conduit fittings, ½” through 2”, must have a tongue-
in-groove gasket to effectively seal out the corrosive elements. 

6. Pipe threads shall be treated with conduit interior urethane touch up 
compound. 

7. All junction and metal pull boxes shall be galvanized with exterior 
surfaces PVC coated to 40 mils thickness.   

8. Unistrut, strut clamps, pipe straps, and clamp back spacers, shall have 40 
mil thick PVC coating.  All mounting anchors shall be stainless steel. 

9. Conduits entering enclosures shall be fitted with insulated grounding 
bushing; OZ/Gedney "HBLG " or approved equal. All grounding bushings 
shall be tied to the grounding system with properly sized bonding 
conductors per the NEC code. 

10. GRS-PVC conduit to be Robroy Plasti-bond Redhot or approved equal. 

E. EMT CONDUIT, ELECTRICAL  METALLIC TUBING 

1. Thinwall electroplated galvanized steel suitable for indoor and outdoor use 
with 90 C wires, and conform to UL 797. 

2. Where exposed and below 8 feet from floor fittings and device boxes shall 
be malleable cast iron or aluminum.  Appleton type FS/FD or approved 
equal.  Where concealed in walls or ceilings or above 8 feet from floor, 
device boxes may be stamped steel. 

3. All fittings, hubs, couplings, pulling elbows and connectors shall be 
compression-type, set screw type are not acceptable.  

F. PVC CONDUIT, SCHEDULE 40 or 80 (PVC-40, PVC-80) 

1. Shall be high impact schedule 40 or 80 polyvinylchloride suitable for use 
underground, direct burial and for use with 90 C wires, and shall conform 
to UL 651.  Shall be UL listed and labeled for "direct" burial. 

2. A copper bonding conductor shall be pulled in each raceway and bonded 
to equipment at each end with approved lugs. 

3. Each underground run shall be placed in a trench with a five (5) inch sand 
bed evenly compacted on all sides, top and bottom unless otherwise noted. 

4. Elbows, and risers shall be per exposed conduit transition detail.  PVC 
conduit is not allowed above ground except where specifically called out 
on the drawings.   
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5. PVC fittings shall have solvent-weld-type conduit connections.  Fittings 
and device boxes shall be PVC with factory fabricated conduit 
connections.  Provide Carlon or approved equal. 

6. Conduits entering enclosures shall be fitted with a glued male adapter, 
lock ring and bushing to prevent wire chafing.  Conduits entering panels 
through concrete to an open bottom or entering a pull box shall have a 
glued end bell fitting. 

7. PVC conduit shall be stored on a flat surface and shielded from the sun. 

G. LIQUID TIGHT FLEXIBLE NON-METALLIC CONDUIT (up to 2”)  - (FLEX) 

1. Liquid tight flexible Nonmetallic Conduit shall be constructed of flexible 
PVC and have a smooth inner surface with integral crush resistant 
reinforcement within the conduit and be designated as a Type LFNC-B 
(for FNMC-B).  

2. Liquid tight Flexible Nonmetallic Conduit shall be sunlight, oil, and flame 
resistant and approved for the installation of electrical conductors in 
indoor and outdoor applications. 

3. Liquid tight Flexible Nonmetallic Conduit shall be listed to UL standard 
UL1660.   

4. Liquid tight flexible non-metallic conduit shall be installed in accordance 
with Article 351, Part B of the National Electrical Code (NEC) and other 
applicable sections of the NEC and/or local electrical codes. 

5. Liquid tight Fittings shall be listed for the use with Liquid tight Flexible 
Nonmetallic Conduit and shall be marked LFNC-B (FNMC-B). 

6. Flexible Non-Metallic Conduit shall be Carlon Carflex or equal. 

H. LIQUID TIGHT FLEXIBLE METAL CONDUIT (up to 2”)  - (FLEX) 

1. Liquid Tight Flexible Metal conduit shall be highly flexible, moisture and 
oil-proof with black thermoplastic rubber cover that is extruded over a 
galvanized flexible steel conduit.   

2. Liquid tight Flexible Metallic Conduit shall be sunlight, oil, and flame 
resistant and be manufactured for extreme temperature environments (-75 
deg F to +302 deg F).  Conduit shall be approved for the installation of 
electrical conductors in indoor and outdoor applications. 

3. Liquid tight Flexible Nonmetallic Conduit shall be listed to UL standard 
UL 360.   
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4. Liquid tight flexible metallic conduit shall be installed in accordance with 
Article 351, Part B of the National Electrical Code (NEC) and other 
applicable sections of the NEC and/or local electrical codes. 

5. Liquid tight Fittings shall be listed for the use with Liquid tight Flexible 
Metallic Conduit and conform to UL514B. 

a. Outdoors when extension of GRS-PVC: PVC coated galvanized 
steel with insulated bushings. 

b. Outdoors when extension of GRS:  Galvanized steel with insulated 
bushings 

c. Indoors: Galvanized steel with insulated bushings. 

6. Flexible Metallic Conduit shall be Anaconda HCX or equal. 

I. LIQUID TIGHT FLEXIBLE METAL CONDUIT (above 2-1/2”)  - (FLEX) 

1. Liquid Tight Flexible Metal conduit shall be moisture and oil-proof with 
PVC jacket extruded over a galvanized flexible steel conduit.   

2. Liquid tight Flexible Metallic Conduit shall be sunlight, oil, and flame 
resistant and approved for the installation of electrical conductors in 
indoor and outdoor applications. 

3. Liquid tight Flexible Nonmetallic Conduit shall be listed to UL standard 
UL 360.   

4. Liquid tight flexible metallic conduit shall be installed in accordance with 
Article 351, Part B of the National Electrical Code (NEC) and other 
applicable sections of the NEC and/or local electrical codes. 

5. Liquid tight Fittings shall be listed for the use with Liquid tight Flexible 
Metallic Conduit and conform to UL514B. 

a. Outdoors when extension of GRS-PVC: PVC coated galvanized 
steel with insulated bushings. 

b. Outdoors when extension of GRS:  Galvanized steel with insulated 
bushings 

c. Indoors: Galvanized steel with insulated bushings. 

6. Flexible Metallic Conduit shall be Amer-Tite type GP or equal. 

2.02 DEVICE BOXES 
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A. BOXES 

1. Device boxes shall be of zinc-galvanized malleable iron or cast aluminum 
with shape and size best suited for the particular application, rated for the 
location installed, and shall be supported directly to structure by means of 
screws, anchors, or bolts.  

2. Box dimensions shall be in accordance with size, quantity of conductors, 
and conduit clearances per NEC articles 370 requirements. 

3. Boxes exposed to the weather or in moist locations shall be weatherproof 
(WP) by means of gasketing under a weatherproof cover.   

4. Boxes connected to GRS-PVC conduit runs shall be PVC coated with 40 
mil coating. 

B. DEVICE PLATES and COVERS 

1. Indoor general purpose device plates and covers shall be stainless steel. 
Plates or covers shall be attached with stainless steel screws. An engraved 
plastic label denoting circuit breaker number and panelboard name shall 
be affixed to each cover with #4 stainless steel screws.  

2. Weatherproof switch, outlet, and receptacle boxes shall be fitted with 
gasketed covers rated for wet locations in accordance with NEC 408-8.  
Each access cover shall have a padlockable cover to maintain security and 
weatherproof integrity even when a plug is connected to the receptacle. 
Screws and hinge springs shall be stainless steel. Weatherproof access 
covers shall be Leviton 5977-CL, Cooper 4966, or approved equal. 

2.03 PULL BOXES 

A. JUNCTION BOXES 

1. Where required for best installation or where specifically called out in the 
drawings, junction boxes shall have JIC type construction with hinged 
door, NEMA 4X rating, manufactured of type 304 stainless steel.  Door 
shall be fastened with stainless steel screws.  No devices, screws, rivets, or 
bolts shall protrude through the exterior surface unless specifically shown 
on the drawings.  Boxes shall be Circle AW, or approved equal. 

B. UNDERGROUND BOXES 

1. Underground pull boxes, where shown or required by length of conduit 
runs, shall be prefabricated concrete type with “Christy Box” size 
equivalent or dimensions shown on the Drawings or larger to allow for 
adequate pull area. Extension sections shall be provided as necessary to 
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reach the depth of underground conduits. All boxes shall have galvanized 
steel hold down bolts and hardware. Boxes located in paved areas or other 
areas which vehicles may travel shall be H/20 loading rated and have 
traffic covers. Steel covers or lids shall be galvanized and grounded with 
bonding jumper to the local grounding circuit per NEC. Pull box covers 
shall be labeled electrical, signal, utility, and telephone, whichever applies. 
Pull boxes shall be Christy Concrete Products, Brooks or approved equal.  

2.04 GROUNDING SYSTEM 

A. The utility service ground shall be tied to a building ground grid consisting of a 
"UFER" and/or ground rod type grounding system. 

B. The UFER shall consist of concrete encased bare copper wire conductor laid at 3 
foot nominal depth or as detailed on the Contract Drawings.  UFER ground shall 
be located where soil moisture content will be maximized. 

C. The ground rod shall consist of not less than 10 continuous feet of 3/4 inch copper 
coated electroplated high grade carbon steel.  The ground rod shall be a Nehring 
type NCC, Weater 348 or approved equal.  The ground rod shall extend up for 
visible connection of a UL approved “ground clamp” to the ground conductors. 

D. The main ground bonding wire from the ground rod shall extend up into the utility 
service panel with readily visible UL approved "ground clamp" attached to the 
ground bus 

E. Install bare copper ground bond wires from the UFER ground to the various 
locations shown on the drawings. 

F. Ground rod clamps shall be bolt-on type as manufactured by O-Z Gedney type 
GRC, or approved equal.  

G. Grounding conductors shall be sized as shown on the drawings or in accordance 
with NEC table 250, whichever is larger. 

H. Grounding and bonding wires shall be installed in all PVC conduits and 
nonmetallic raceways and connected to the ground bus and all equipment. 

I. Each electrical enclosure shall have a copper ground bus.  Screw type fasteners 
shall be provided on all ground busses for connection of grounding conductors. 
Ground bus shall be a Challenger GB series, ILSCO CAN series or approved 
equal. 

J. The system neutral conductor and all equipment and devices required to be 
grounded by the National Electrical Code shall be grounded in a manner that 
satisfies the requirements of the National Code. 
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K. The system neutral (grounded conductor) shall be connected to the system's 
grounding conductor at only a single point in the system.  This connection shall 
be made by a removable bonding jumper sized in accordance with the applicable 
provisions of the National Electrical Code if the size is not shown on the 
Drawings.  The grounding of the system neutral shall be in the enclosure that 
houses the service entrance main overcurrent protection. 

L. The secondary on all transformers shall be grounded. 

M. All raceway systems, supports, enclosures, panels, motor frames, and equipment 
housings shall be permanently and effectively grounded. 

N. All receptacles shall have their grounding contact connected to a grounding 
conductor.  

O. Branch circuit grounding conductors for receptacles or other electrical loads shall 
be arranged such that the removal of a lighting fixture, receptacle, or other load 
does not interrupt the ground continuity to any other part of the circuit. 

P. Attachment of the grounding conductor to equipment or enclosures shall be by 
connectors specifically provided for grounding. Mounting, support, or bracing 
bolts shall not be used as an attachment point for ground conductors.  

2.05 PAINTING 

A. Raceway System:  Paint all exposed conduit, boxes and fittings to match the color 
of the surface to which they are affixed.  Paint finishes shall include proper 
surface preparation, prime coat and final finish coat.  Reference ASTM D 6386 
Practice for Preparation of Zinc (Hot-Dip Galvanized) Coated Iron and Steel 
Product and Hardware Surfaces for Painting. 

1. Indoors:  Use paint type and color specified for walls and ceilings.  Do not 
paint conduit where paint is not required for surface behind conduit. 

2. Outdoors:  Paint conduit with outdoor enamel paint with color to match 
the surface behind conduit or per installation specific detail.   

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

B. Perform work to remedy non-compliant installations after inspection. 

C. The Engineer will halt any work that is found to be substandard or being installed 
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by unqualified personnel. 

3.02 INSTALLATION 

A. System: 

1. Install all products per 16010 - Electrical, Installation. 

B. Rigid Conduits and Ducts:  

1. Exposed conduits shall be neatly arranged with runs perpendicular or level 
and parallel to walls.  Bends shall be concentric.   

2. Except as expressly indicated or approved, all conduits shall be surface 
mount on block walls, concealed behind gypsum walls, and buried to 
required depth below floor slabs. 

3. Installation of the GRS-PVC conduits must be in accordance with the 
manufacturer’s installation procedures using recommended tools.  To 
ensure compliance, the installer(s) must be “manufacturer certified” before 
installation can proceed.  Certification available by contacting 
manufacturer’s representative and attending a brief instructional course.  
Certification shall be available for review by the Engineer or Owner upon 
request.   

4. Repair GRS-PVC utilizing a patching compound or system as provided by 
the manufacturer of the conduit of the same material as the coating.  The 
entire conduit shall be replaced if the repair exceeds 3” combined length. 

5. A maximum of three equivalent 90 degree elbows are allowed in any 
continuous run. Install pull boxes where required to limit bends in conduit 
runs to not more than 270 degrees or where pulling tension would exceed 
the maximum allowable for the cable. 

6. Route all above grade conduits parallel or perpendicular to structure lines 
and/or piping. Conduits installed above grade shall be braced in place with 
stanchions.  Expansion joints shall be installed every 100 feet.  Bends shall 
be concentric. 

7. Care shall be exercised to avoid interference with the work of other trades.  
This work shall be planned and coordinated with the other trades to 
prevent such interference.  Process Pipe, mechanical and HVAC shall 
have precedence over conduits for routing and space requirements.   

8. Seal each bottom entrance conduit into the MCC and other electrical 
enclosures with plugging compound sealant to prevent the entrance of 
gasses, insects and rodents.  Plugging compound sealant shall be Gardner 
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Bender Duct Seal or approved equal. 

9. Exposed conduit stubs for future use shall be capped with coupling and 
plugged.  Drill hole in plug for pull rope as necessary. 

10. Explosion proof seal-off fittings shall be provided on all conduits that 
enter or leave hazardous areas per requirements of the National Electrical 
Code, Chapter 5 and UL 886.  The seal-off fitting shall prevent hazardous 
gases and/or flames from passing from one type area to another through 
the conduit system.  Ceramic or other non-asbestos fiber material and 
sealing compound shall be placed in the fitting to complete the seal. 

11. Hazardous location conduit outlet boxes shall be used in hazardous 
locations for change in direction, access to conductors and as pull and 
splice boxes.   

12. All spare conduits shall have 1/8" nylon pull ropes installed. 

C. Flexible Conduit and Ducts 

1. Final connections to vibrating equipment such as motors, heaters and fans 
shall be made with liquid tight flexible conduit. 

2. Flexible conduit lengths shall not be greater than 36 inches for sizes up to 
2 ½” and 48 inches for 3” and larger conduit. 

3. Flexible conduit shall include a ground conductor for equipment bonding 
in circuits over 30 VDC or as shown in the conduit schedule. 

4. Flexible conduit shall only be installed in exposed or accessible locations. 

D. Excavation and Back Filling:  

1. Trenches for conduit below floor slabs and other underground electrical 
conduit shall be excavated to the required depths per utility requirements 
or specific detail.  Conduits under floor slabs shall have minimum trench 
depth to contain bends without any portion of the radius visible at finished 
grade.   

2. Underground conduits outside of structures, excluding utility conduits, 
shall have a minimum cover of 24 inches except under roadways where 
minimum cover shall be 30 inches or as otherwise shown in the Contract 
Drawings.  Back filling shall be done only after conduits have been 
inspected.  Excavation and back fill of conduits shall conform to the 
requirements of other applicable Specifications sections unless modified 
on plans, and to other entities (Utilities, etc.) as required. 
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3. Install spacers to support underground conduits.  Horizontal and vertical 
separation shall be maintained by plastic spacers set every four feet.  
Spacers shall be Carlon Snap-Loc or approved equal. 

4. At all times during the installation of the electrical system, the Contractor 
shall provide barricades, fences, guard rails, etc., to safeguard all 
personnel, including small children, from excavated trenches. 

E. Underground pullboxes: 

1. Pullboxes shall be located in areas that will experience the least traffic 
loading and in the general vicinity as shown in the contract drawings.  
Boxes in pavement shall be set at final grade and boxes in planter areas 
shall be set 1” above final grade.  Boxes shall not be buried by landscape 
material. 

2. Steel pull box lids shall be grounded per NEC 250.4(A)(5) and 314.3(D). 

3. Boxes shall be set on compacted base and base rock to minimize settling 
of the box over time.  If the box is located in a paved traffic area, a 6” x 6” 
concrete ring shall be poured around the box below the pavement.   

F. Device Mounting Heights: 

1. Mounting heights of fixtures and devices shall be as follows unless 
otherwise indicated or when height has to be adjusted to be over or under 
counter tops. 

Wall switches  => 48 inches  
Convenience outlets =>  18 inches 
Telephone outlets =>  18 inches 
Bracket fixtures  =>  7 feet 6 inches 

G. Cutting and Patching: 

1. The Contractor shall do all cutting and patching required to install his 
work. Any cutting which may impair the structure will require prior 
approval by the Engineer.  Cutting and patching shall be done only by 
skilled labor of the respective trades. All surfaces shall be restored to their 
original condition after cutting and patching. 

3.03 WARRANTY 

A. Provide warranty as specified in Section 16010- Electrical, WARRANTY. 

-END OF SECTION- 
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SECTION 16120 - WIRE, FUSES & TERMINAL BLOCKS 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. The Contractor shall furnish, install, and test wires, fuses and terminal blocks as 
specified herein.  

B. Work includes that specified in Section 16010 - Electrical. 

1.02 SUBMITTALS AND DRAWINGS 

A. Provide submittals and drawings as specified in Section 16010 - Electrical, 
Submittal and Drawing Requirements. 

PART 2: PRODUCTS 

2.01 WIRING AND ELECTRICAL DEVICES 

A. GENERAL 

1. General 

a. Provide wiring and electrical devices specified herein and install 
field and internal panel wiring as shown on the Contract Drawings. 
This section applies to all wires or conductors used internal (non-
field) to electrical equipment or external for field wiring. Wire 
quantity and size shall be per “Wire Routing and Conduit 
Schedule”. 

2. Power Distribution 

a. All electrical and instrumentation panels shall be equipped with a 
120 VAC main power disconnect circuit breaker and power 
distribution circuit breakers.  The main power disconnect breaker 
shall be a one pole breaker rated at 15 amperes.  Distribution 
circuit breakers shall be single pole.  The circuit breakers shall be 
mounted on a standard DIN rail, and finger safe.    

b. For each power distribution circuit breaker, a neutral return 
terminal block shall be installed at the bottom of the breaker rail.  
The neutral return terminal block shall be standard DIN rail 
mounted, and shall be rated to carry up to 15 amperes and accept 
up to two 12 AWG wires. 
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c. A spare GFI duplex outlet wired to a non-control circuit shall be 
provided in each control and instrumentation panel.  This outlet 
shall remain available for future use, shall be labeled 
"Convenience Receptacle" and shall not be used to power any 
equipment installed by the Control and Instrumentation panel 
vendor. 

3. Analog Signals 

a. Analog signal transmission between electric or electronic 
instruments shall be 4-20 milliamperes and shall operate at 24 volts 
DC unless otherwise specified.  Milliampere signals shall be 
current regulated and shall not be affected by changes in load 
resistance within the unit's rating.  Provide powered current 
isolators wherever the loops’ load resistance exceeds the 
originating current signal transmitter's rating. Associated shunt 
resistors shall be located on rail-mounted terminal blocks.  
Exposed resistor leads shall be insulated with heat-shrink tubing. 

B. LOW VOLTAGE WIRE AND CABLE (through 600V except instrument signals) 

1. General:  Low voltage conductors shall be used for power, control, 
lighting and miscellaneous circuits.  This Section applies to all wires or 
conductors used internal for all electrical equipment or external for field 
wiring. Wire shall be new, plainly marked with UL label, gauge, voltage, 
type of insulation, and manufacturer's name. 

2. Wire colors and sizes shall not change within the circuit. 

3. Wire shall be properly fused or breaker protected at or below the 
maximum amperage rating allowed by the NEC. 

4. Control and Power Wiring: 

a. Conductors shall be copper with a minimum of 98% conductivity. 

b. Class C stranding.  Solid conductors may be used for lighting and 
receptacle circuits. 

c. Insulation of all conductors and cables shall be rated 600 volt 
(min). 

d. Insulation type shall be moisture and heat resistant thermoplastic 
NEC Type THHN /THWN, rated 90 °C in dry locations and 75 °C 
in wet locations, for #8 AWG or smaller.  Conductors #6 AWG 
and larger shall be XHHW insulation. 
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e. Field wire minimum AWG sizes: 

1) #12 for wires used for individual conductor circuits 100 
volt and above, except for PLC I/O which may be #14 
AWG unless otherwise noted. 

2) #14 for wires used for individual conductor circuits below 
100 volt. 

f. Nonfield or equipment wire minimum AWG sizes: 

1) #16 for wires used for individual conductor circuits 100 
volt and above. 

2) #18 for wires used for individual conductor circuits below 
100 volt. 

5. Instrument wiring: 

a. Field:  Instrument cables shall have 600V tray cable rated 
insulation and 100% individual shielded twisted pair #16 
conductors with drain wire.  Single twisted shielded pair (TSPR) 
cables shall be Belden 9342, or approved equal.  Three wire 
twisted shielded cables (TS3W) shall be Belden 1119A or 
approved equal. 

b. Non-Field:  Instrument cables shall have 300V rated insulation and 
100% individual shielded twisted pair #18 conductors with drain 
wire. Single twisted shielded pair (TSPR.) cables shall be Belden 
8760, or approved equal.  Three wire shielded cable shall be 
Belden 8770 or approved equal. 

c. Multi-pair instrument cable as required per conduit schedule shall 
have 300V rated insulation and 100% individual shielded twisted 
pair #18 conductors with drain wire.  Multiple twisted shielded 
pair (T.S.PR.) cables shall be Belden 9773 thru 9777, or approved 
equal. 

d. Multi-pair cable is not allowed (unless specifically called out in 
conduit schedule or on plans) for use in field or non-field 
applications.  One T.S.PR cable is required for each signal. 

6. Manufacturer Supplied Cables 

a. Cables and wiring for special systems provided by the 
manufacturer with the equipment shall be installed per the 
manufacturer's recommendations. 
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7. Telephone/data Cable 

a. Telephone,data cable shall consist of 4 pair unshielded twisted pair 
#24 awg solid conductors.  The cable shall be rated Category 5e as 
defined by IEEE.  The cable shall be rated for service (plenum, 
conduit, wet or dry).  Telephone/data cable shall be Belden 
DataTwist 350, or approved equal 

b. Telephone cable shall consist of 12 pair with #19 awg. conductors 
of solid, soft bare copper. Conductors shall have a thermoplastic 
cover and shall be color coded per telephone industry standards.  
Insulated conductors shall be twisted into pairs having varying lay 
lengths.  The cable core shall be covered with a non-hygroscopic 
core tape and a 0.005 inch copper tape shield.  Shield and tape 
shall be covered with a petrolatum-polyethylene compound for 
filling all cable intricacies and providing a positive moisture 
barrier.  Filling compound shall be non-toxic and shall not irritate 
the skin.  Cable shall have an outer jacket of black, high molecular 
weight polyethylene resistant to abrasion, moisture, weather and 
environmental cracking.  Cable shall be suitable for installation in 
ducts or direct burial and shall be manufactured to REA 
Specification PE-39.   

c. Telephone cable shall be Alpha 3900 or 4000 Series, or approved 
equal. 

C. COLOR CODE  

1. All wires #8 and below shall have wire insulation the color specified.  
Wires #6 and larger may be black with color electrical tape at termination 
points. 

2. No other colors shall be used without prior approval of the Owner. 

3. Color code - color code of all wire shall conform with the following table:  

WIRES COLOR CODE TABLE 

Description Phase/Code 
Letter 

Field wire or tape color Non-Field Wire 
Color 

480V, 3 Ph A Brown Brown 

 B Orange Orange 

 C Yellow Yellow 

240V or 208V, 3 Ph A Black - 

 B Red (Orange if high leg) - 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16120-5 Wire, Fuses &Terminal Blocks 

 C Blue - 

240 / 120 V, 1 Ph L1 Black Black 

 L2 Red - 
24V Positive 24+ Pink Pink 
24V Negative 24- Black Black 
12V Positive 12+ Pink Pink/white 
12V Negative 12- Black Black/white 

AC Control  Violet  
Red (Yellow for 
foreign circuits) 

DC Control  Blue Blue 

Neutral N White White 

Ground G Green Green 

Shielded Pair + Clear (White) Red 
 

 

 

- 
Black Black 

2.02 WIRE MARKING 

A. All panel, enclosure and field wiring shall have wire labels on both ends of each 
wire.  Labeling shall be neatly installed for visibility and shall be clearly legible.  
Each conductor of instrument shielded signal wiring shall be labeled.  Wire labels 
shall be machine printed with on white heat shrinkable tubing.  Each label shall fit 
a minimum 23 characters, 3/16” in height before shrink.  Tubing shall be 
oversized for the wire and shrunk into place using an electric heat gun.  The 
“shrunk” label shall have just enough give to allow the label to be rotated.  Hand 
lettered wire labels are not acceptable and shall be replaced at the Contractor's 
expense.  Provide Brady “PermaSleeve” or approved equal. 

1. Node Style Wire Identification - All wires that are electrically the same 
(connected to common termination points) and do not pass through a 
contact or other switching device shall have the same wire identification.  
The wire labeling code for each end of the same wire shall be identical.   

a. The wire identification code for internal panel wiring shall be the 
number/letter as designated on the Contract elementary and/or 
approved shop drawings. 

b. Wire labeling for field wiring shall contain the panel/equipment 
name as a prefix and the termination point name.  (I.E. PLC50-
A103 or P10-124).  The hierarchy of label names is 1) PLC panel 
name, 2) MCC equipment name, and 3) Equipment name.  
Therefore, wires from PLC50 to the MCC50 P10 cubicle will be 
labeled PLC50-XXX.  Wires from MCC50 P10 to field pressure 
switch PSH10 will be labeled P10-XXX. 
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c. Wire labels shall be exactly per interconnection submittal -- 
abbreviations determined in the field are not allowed.  
Abbreviations may be used in the wire label as submitted and 
approved in the interconnection drawings submittal. 

d. Wire labels for lighting and receptacle circuits shall consist of the 
panel board and circuit number and a unique node number.  (I.E. 
LP#3-A, LP#3-B, LP#3-N) 

e. Wire labels may be omitted on “neutral jumpers” less than 8” in 
length. 

2.03 FUSES AND FUSE HOLDER 

A. Miniature circuit breakers may be substituted for fuses and fuse holders in AC 
and DC circuits.  Circuit breakers shall be din rail mounted, 13mm width per pole, 
finger safe pressure plate terminals, and trip ranges from 0.1A to 50A.  Provide 
Allen Bradley 1489-CB, CBI Q series or approved equal 

B. Fuses used in circuits 200 VAC and above shall be time- delay, 13/32" x 1-1/2", 
and have an interrupting rating of 10,000 AIC at 500 VAC. Fuses shall be 
Bussman type FNQ or approved equal. Fuse holders shall be of the barrier type 
with fuse puller and rated 30A at 600 VAC.  Fuse holders shall be Connectron 
NDNF1 with PF1 fuse puller or equal. 

C. Fuses used in 120 VAC shall be time-delay, 1/4" x 1-1/4", and have a rating of 
250 VAC. Fuses shall be Bussman type MDA or approved equal.  Fuse-holders 
shall be of the same manufacturer, series and color as the adjacent terminal blocks 
and have blown fuse neon indicators.  Fuse holders shall be Entrelec ML 
10/13.SFL, Allen Bradley 1492-H4 or approved equal. 

D. Fuses used in signal and 24 VDC circuits shall be fast acting, 5mm x 20mm and 
have a rating of 250 VAC. Fuses shall be Bussman type GMA or approved equal 
Fuse-holders shall be of the same manufacturer, series and color as the adjacent 
terminal blocks and have blown fuse LED indicators. Fuse holders shall be 
Entrelec M 4/8.SFDT, Allen Bradley- 1492-H5 or approved equal 

E. Fuses shall be sized in conformance with the NEC. 

2.04 TERMINAL BLOCKS AND ACCESSORIES 

A. Control Panel Terminal Blocks 

1. Terminal blocks to be clamp type, 6mm spacing, 600 volt, minimum 
rating of 30 amps, and mounted on DIN rail.  DIN rail shall be same type 
as used for the relays. Install an extra DIN rail on each type of terminal 
strip with 20% spare terminals for future additions.  
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2. Provide terminal blocks with "follower" plates that compress the wires and 
have wire guide tangs for ease of maintenance. Terminal blocks that 
compress the wires with direct screw compression are unacceptable. All 
power, control and instrument wires entering and leaving a compartment 
shall terminate on terminal blocks with wire numbers on terminals and on 
both ends of the wires. 

3. Terminal Tags and Markers: Each terminal strip shall have a unique 
identifying alphanumeric code at one end ( i.e.: TB1, TB2, etc. ).  On each 
terminal strip, terminal numbers shall be assigned starting with #1 at one 
end, incrementing in alphanumerical order ( i.e.: 1,2,3,4....).  Numbers 
shall be assigned to all blocks except grounding blocks.  Fuse blocks shall 
be assigned unique tag numbers such as FU1, FU2.  No two fuses shall be 
assigned the same tag number. 

4. Plastic marking tabs shall be provided to label each terminal block. These 
marking tabs shall have a unique number/letter for each terminal which is 
identical to the "elementary" and "loop" diagram wire designation. 
Numbers on these marking strip shall be machine printed and 1/8 inch 
high minimum.  

5. Terminal blocks shall be physically separated into groups by the level of 
signal and voltage served. Power and control wiring above 100 volts shall 
have a separate group of terminal blocks from terminal blocks for wiring 
below 100 volts, intermixing of these two types of wiring on the same 
group of terminal blocks is not allowed.  

6. Provide a ground terminal or connection point for each grounding 
conductor. 

7. Provide a separate common or neutral terminal for every two (maximum) 
inputs and/or outputs. 

8. Terminal blocks shall be Entrelec M4/6, Allen Bradley 1492-W4 or 
approved equal. 

B. MCC – Motor Starter Cubicle Terminal Blocks 

1. MCC cubicle terminal blocks shall be pull apart as supplied standard by 
MCC manufacturer. 

C. Power – Power terminal Blocks 

1. Backpan mounted termination blocks shall be rated for 600V (min).  The 
power termination blocks shall be rated to accept Copper or Aluminum 
cable and rated as shown on Contract one-line diagrams.  Each termination 
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block shall be provided with quantity of primary and secondary cable 
connections as required per installation.  The power termination blocks 
shall be Connectron Square D or approved equal. 

2. Unmounted termination blocks shall be constructed of aluminum and 
suitable for use with Aluminum and copper wire.  Size and quantity of 
cable connections shall be as required for installation.  Termination blocks 
shall be insulated with molded high-dielectric strength plastic covering 
and eliminate the need for tape insulation of electric connection.  The 
termination block shall have removable access plugs over the wire entry 
and hex screw ports.  Provide NSI Polaris IPL or IPLD Series terminal 
blocks or approved equal. 

D. PANEL GROUND 

1. Each electrical, control and instrumentation panel shall be provided with a 
1 inch x 0.25 inch x 8 inch (minimum size) solid copper grounding bus 
bar, mounted on the inside of the enclosure.  The grounding bar shall be 
mounted on insulated standoffs so that no electrical connection is made 
between the ground bar and the cabinet through the mounting.  The 
ground bar shall be drilled and tapped for a 0.25-20 screws at 0.5 inch 
interval along its entire length. 

2. An un-insulated solid copper #8 AWG ground wire shall be attached 
between the ground bar and the panel enclosure, and between the ground 
bar and the mounting panels.  The ground connection to the enclosure and 
panel shall be made by sanding the paint finish off a small area, drilling a 
hole for a 0.25 inch bolt and mounting a 0.25-20 bolt to the panel to serve 
as grounding stud.  The grounding stud shall be attached with a nut and 
flat washers on both sides of the enclosure/panel, and with an inside tooth 
star lock washer next to the panel surface.  The star lock washer shall be 
on the inside surface of the enclosure, and the front surface of the 
mounting panel.  The grounding wire shall be secured to the stud with a 
nut and inside tooth star lock washer.  These grounding points shall be 
located within 12 inches of the bottom to the grounding bar.  Each 
terminal strip rail shall be individually grounded by means of a #12 AWG 
wire to the ground bus.  The PLC rack, power supply, lightning arrestor 
shall be similarly grounded according to the manufacturer's 
recommendations. 

2.05 ELECTRICAL TAPE / SHRINKABLE INSULATORS 

A. Vinyl tape shall be 7 mil, 600 volt rated, flame retardant, hot and cold weather 
resistant conforming to UL510.  Provide 3M Scotch Super 33+ vinyl tape or equal 

1. Vinyl tape for color coding shall be 7 mil, ¾” width, vinyl tape 
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conforming to UL 510. Provide 3M Scotch 35 vinyl tape or equal. 

B. Rubber Tape:  EPR rubber, 90 deg C continuous rated.  Provide 3M 130C rubber 
tape or equal. 

C. Varnished Cambric Tape:  Adhesive backed, 7 mil, bias cut cotton tape, coated 
with yellow insulating varnish.  Provide 3M Scotch 2510 or equal. 

D. Shrinkable insulators shall be heat shrinkable, polyolefin thick wall sleeves, end 
caps and cable repair sleeves are designed for use in splicing, sealing and re-
jacketing of direct bury secondary cables. The insulators shall comply with UL 
486D and be rated up to 1000 Volts.  They shall provide long-term reliable 
performance overhead, underground or submerged with mechanical and 
environmental protection.   Shrinkable insulators shall be 3M ITCSN or 3M 
IMCSN per manufacturer instructions for the application or approved equal. 

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

3.02 INSTALLATION 

A. System: 

1. Install all products per 16010 - Electrical, INSTALLATION, GENERAL. 

2. The panels shall be completely factory wired and tested before shipment. 

3. All spare PLC input / output points shall be wired to terminal blocks. 

4. A minimum of 20% spare unwired terminals shall be provided in each 
panel. 

B. Wiring Methods: 

1. Wiring Separation: Wires carrying 100 volts and above shall be physically 
separated from lower voltage wiring by using separate bundles or wire 
ways with sufficient distance to minimize the introduction of noise, 
crossing only at 90 degree angles.  

2. Harness: All wiring shall be neatly bundled and laced with plastic 
tie-wraps, anchored in place by screw attached retainer. Where space is 
available, wiring shall be run in slotted plastic wireways with dust covers. 
Wireways shall be sized such that the wire fill does not exceed 60%. 
Tie-wraps shall be T&B TY-RAP or approved equal. 
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3. Retainers: Wireways, retainers, and other devices shall be screw mounted 
with round-head 316 stainless steel screws or mechanically mounted by 
push-in or snap-in attachments. Glue or sticky back attachment of any type 
or style shall not be used. Retainers shall be T&B TC series or approved 
equal. 

4. Hinge Loops: Where wiring crosses hinged surfaces, provide a "U" shaped 
hinge loop protected by clear nylon spiral wrap. The hinge loop shall be of 
sufficient length to permit opening and closing the door without stressing 
any of the terminations or connections. Spiral wrap shall be Graybar T25N 
or approved equal. 

5. Routing:  Wires and cable shall be routed along the shortest route between 
termination points, excepting routes which would result in routing 120 
VAC and other wires and cables in the same duct or bundle.  Wires and 
cables shall have sufficient length to allow slack and to avoid any strain or 
tension in the wire or cable. 

a. Wires shall be routed in slotted plastic wireways with snap covers.  
Wires carrying 120 VAC shall be separated as much as possible 
from other wires and signal cables, and shall be routed only in 
ducts for 120 VAC.  If the power wiring has to cross the signal 
wiring, the crossing shall be as close to a right angle as possible.  
Wireways for 24 VDC wiring shall be used for all other wires and 
cables.  Routing of 120 VAC in combined wireways shall be 
minimized.  Wires and cables shall be placed in the wireways in a 
straight, neat and organized fashion and shall not be kinked, 
tangled or twisted together.  Additional wire ducting shall be 
provided for use by the electrical subcontractor for routing field 
wires to their landing points in the each electrical and 
instrumentation panel. 

b. Provide 2” minimum separation between wireway and terminal 
blocks.   

c. Wiring not routed in wireways shall be neatly bundled, treed, and 
laced with plastic ties. 

C. Wire terminations 

1. Single wire and cable conductors shall be terminated according to the 
requirements of the terminal device as follows: 

a. Crimp-on terminals:  shall be UL listed, self-insulating sleeve type, 
with ring or rectangular type tongue, suitable for the size and 
material of the wire to be terminated, and for use with either solid 
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or stranded conductors. 

b. Terminal Blocks:  Remove the last +/- 0.25 inches insulation from 
of the conductor and insert it under the pressure plate to full length 
of the bare portion of the conductor.  Tighten the screw to close the 
pressure plate onto the conductor.  No more than two conductors 
shall be installed in a single terminal.  All strands of the conductor 
shall be captured under the pressure plate. 

c. Screw-less terminals: wire shall be stripped back and inserted per 
the terminal manufacturer's instructions.   

d. Motors with pigtail leads:  Install terminal connectors on the motor 
pigtails and the cable to be connected.  Terminals shall be non-
insulated crimp-on type applied with a rachet-type crimping tool.  
The terminals shall be bolted together with a nut, bolt and lock 
washer combination.  The connection shall be booted with 3/16” 
thick rubber boot.  Boot kit shall include rubber boot for each 
motor connection, plastic locking pins, silicone grease, and mastic 
sealing strips,  Boot kits shall be 3M Motor Lead Pigtail Splice 
#5302, #5303,or #5404 as applicable for wire size applied.  

2. When stripping insulation from conductors, do not score or damage 
conductor. 

3. The drain wire of shielded cables shall be covered with insulating tubing 
along its full bare length between the cable jacket and the terminal lug or 
terminal pressure plate. 

4. Heat shrink shall be placed on ends of shielded cable to cover foil. 

5. Condulets with wire nut connections shall be supplied for wire termination 
to devices with leads instead of terminals. (i.e. solenoid valves, level 
probe, etc.)  

D. Wire Splicing 

1. No wires shall be spliced without prior approval by the Engineer. 

2. Where splices are allowed or approved by the Engineer they shall conform 
to the following: 

a. Wire splicing devices shall be sized according to manufacturer's 
recommendations. 

b. Splices of #10 and smaller, including fixture taps, shall be made 
with nylon self-insulated twist on wire nuts; T & B "Piggys", Ideal 
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"Wing-Nut" or approved equal. 

c. Splices of #8 and larger shall be hex key screw, two way 
connectors, insulated with molded high-dielectric strength plastic; 
NSI Polaris IPL or IPLD Series terminal blocks or approved equal. 

d. Non-Motor Splices #10 and smaller in underground pullboxes shall 
have wire-nut connections inside and insulator tube which are 
sealed with non-hardeninig silicone based sealant that protects the 
connection from moisture and corrosion.  The wire nut shall be 
pushed to the bottom of the tube and a locking cap closed to 
prevent moisture and dirt from entering the tube.  The tube is 
factory filled with sealant and UL listed for waterproof 
connections.  Provide 3M DBY-6 or DBR-6 or equal. 

e. Non-Motor Splices #6 and smaller in underground pullboxes shall 
have wire-nut connections which are sealed with non-hardeninig 
silicone based sealant that protects the connection from moisture 
and corrosion.   The wire nuts shall be factory filled with sealant 
and UL listed for waterproof connections.  Provide Ideal Model 60 
or equal. 

f. Non-Motor Splices #4 and larger in underground pullboxes shall 
have double hex crimp barrel connections applied with 
adhesive/sealant filled heat shrinkable rubber insulation applied 
over the exposed connection.  The cross-linked polyolefin shrink 
tube shall extend 4” on each side of the exposed connection 
minimum.  Heat shrink tubing shall be 3M ITCSN or equal. 

E. Wire Installation 

1. Exercise care in pulling wires and cables into conduit or wireways so as to 
avoid kinking, stressing the cables, or damaging the insulation.  Use a UL 
listed pulling compound for lubrication within conduits as necessary.  The 
raceway construction shall be complete and protected from weather before 
cable is pulled in.  Swab conduits before installing cables and exercise 
care in pulling, to avoid damage to the insulation or conductors. 

2. All wire and cables (with the exception of coaxial antenna cable) shall be 
installed within UL listed raceways or enclosures.  Install all wires and 
cables in one continuous length unless splices are per contract drawings, 
required to connect equipment or submitted and favorably reviewed.   

3. Bundle incoming wire and cables in panels.  Zip-tie at intervals of 2” and 
neatly spread into trees and connect to their respective terminals.  Allow 
sufficient slack in cables for alterations in terminal connections.  Do not 
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bundle, tape or tie wires within conduits. 

3.03 WARRANTY  

A. Provide warranty as specified in Section 16010- Electrical, WARRANTY. 

 

-END OF SECTION-.  
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SECTION 16250 - AUTOMATIC TRANSFER SWITCH 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. The Contractor shall supply the automatic transfer switch (ATS) as specified 
herein.   

B. The ATS scope of work includes: 

1. Providing and installing one automatic transfer switch of rating shown on 
Contract Drawings. 

2. Submittal data and drawings. 
3. Startup assistance. 
4. Factory and field testing. 
5. Operation and maintenance manuals. 
6. Warranty of all components. 

C. Startup and configuration of ATS with installed voltages and loads. 

D. Factory and field testing per Section 16600.  Furnish all required labor, materials, 
safety equipment, transportation, test equipment, incidentals and services to 
perform factory and/or field testing 

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 
B. Section 16120 – Wire, Fuses and Terminal Blocks 
C. Section 16600 – Factory and Field Testing 

1.03 JOB CONDITIONS 

A. Equipment shall perform in location as shown in the drawings and as described in 
the job conditions listed in Section 16010 – Electrical. 

1.04 SUBMITTALS REQUIREMENTS 

A. Provide Submittals as specified in Section 16010. 

B. Include a record of each VFD parameter available to be changed by the user.  The 
list shall include factory defaults and space for entered values. 

1.05 OPERATING AND MAINTENANCE INFORMATION 

A. Provide operation and maintenance instructions as specified in Section 16010. 
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B. Include a record of each ATS parameter setup during startup and testing and place 
a copy of setting in each O & M manual. 

PART 2: PRODUCTS 

2.01 AUTOMATIC TRANSFER SWITCH 

A. General: 

1. The ATS shall be UL listed in accordance with UL 1008 and be labeled in 
accordance with that standard's 1½ and 3 cycle, long-time ratings.  ATSs 
which are not tested and labeled with 1½ and 3 cycle (any breaker) ratings 
and have series, or specific breaker ratings only, are not acceptable. 

2. The ATS shall be rated to close on and withstand 42,000 RMS 
symmetrical short circuit amperes at the ATS terminals or otherwise 
shown.  Provide overcurrent protection as shown on the Contract 
drawings. 

3. The ATS manufacturer shall be certified to ISO 9001 International Quality 
Standard and the manufacturer shall have third party certification 
verifying quality assurance in design/development, production, installation 
and servicing in accordance with ISO 9001. 

4. ATS types utilizing components of molded-case circuit breakers, 
contactors, or parts thereof, are not acceptable. 

5. The switch assembly shall be installed in a NEMA enclosure located as 
shown on Contract drawings. 

6. The automatic transfer switch shall be an ASCO Model 7000 Zenith 
ZTSD, each with options to meet specified requirements, or approved 
equal. 

B. Switch Unit: 

1. The transfer switch unit shall be electrically operated and mechanically 
held. The electrical operator shall be solenoid operated and only 
momentarily energized to minimize power consumption and heat 
generation. 

2. The transfer switch shall feature a delayed transition mode.  The switch 
shall remain in the neutral position (neither emergency nor normal) until 
the associated time delays have expired and allow the switch to complete 
the transfer. 

3. The switch shall be 3 pole double-throw with inherently interlocked 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16250-3 Electrical 

construction.  A solid neutral shall be provided for all systems. 

4. Wide contact gaps shall be provided to insure positive isolation of the 
normal and emergency power sources. 

5. The switch shall be fully rated for amperage shown on Contract Drawings, 
for switching all types of loads including induction motors.  The ratings 
shall apply to the voltage and mounting arrangement as shown in the 
drawings. 

6. The main power contacts shall have silver alloy contact construction 
featuring a wiping action each time the switch is operated.   Arc chutes 
shall be utilized to contain the inherent spark created when switching 
under load. 

7. The main contact design shall allow repeated making and breaking of 
rated full load current, with a combination of motor and other loads and 
without damage or undue wear to the contacts. 

8. All main power contacts and auxiliary contacts shall be mechanically 
driven from a common actuator shaft. 

9. The bus shall be constructed of silver plated copper. 

10. Inspection of all contacts, linkages and moving parts shall be possible 
from the front of the switch without disassembly of operating linkages and 
without disconnection of power conductors. 

11. All switch and relay contacts, coils, mechanical linkages, and control 
elements shall be serviceable or removable from the front of the mounted 
switch or accessory assembly without removal of the switch or assembly 
from the compartment and without disconnection of the power cables or 
control wiring. 

12. The switch shall have a manual operating handle for maintenance 
purposes. 

13. Compression screw type solder-less terminals or lugs shall be provided for 
connecting all external line & load power cables and control wiring. All 
connections shall be accessible from the front without removal of internal 
components. 

14. A terminal strip shall be provided for terminating all control wiring. All 
terminals shall be numbered with machine printed lettering matching the 
wire number of the terminated wire. 

15. All control wiring shall have permanent identification at each point of 
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connection. Wire identification shall be by machine printed numbered 
wiring sleeves.  Electrically common wires shall have the same wire 
number.  Electrically different wiring shall have unique wire numbers. 

16. Control wiring shall be neatly bundled and secured in place by plastic 
cable ties. Wiring shall be protected with plastic spiral wrap where it 
crosses over a hinge to the door. 

C. ATS CONTROL PANEL 

1. A control panel shall be provided to direct the operation of the transfer 
switch.  The modules sensing and logic shall be a controlled by a built-in 
microprocessor. Control panels that do not utilize microprocessor 
electronics to control the operation of the switch are not acceptable. 

2. A four line, 20 character LCD display and keypad shall be an integral part 
of the controller for viewing all available data and setting desired 
operational parameters.  Operational parameters shall also be available for 
viewing and limited control through the serial communications input port.  

3. The controller shall be connected to the transfer switch by an 
interconnecting wiring harness.  The harness shall include a keyed 
disconnect plug to enable the controller to be disconnected from the 
transfer switch for routine maintenance.   

a. Sensing and control logic shall be provided on multi-layer printed 
circuit boards.   

b. The panel shall be enclosed with a protective cover and be 
mounted separately from the transfer switch unit for safety and 
ease of maintenance. The protective cover shall include a built-in 
pocket for storage of the operator’s manuals.   

4. A single controller shall provide twelve selectable nominal voltages for 
maximum application flexibility and minimal spare part requirements.  
Voltage sensing shall be true RMS type and shall be accurate to ± 1% of 
nominal voltage.  Frequency sensing shall be accurate to ± 0.2%.   

a. The under-voltage of each phase of the normal source shall be 
monitored, with pickup adjustable from 85% to 100% of nominal 
and the dropout adjustable from 75% to 98% of pickup setting, 
both in increments of 1%. These adjustments shall be factory set at 
85% dropout, and 90% pickup. 

b. The voltage of each phase of the emergency source shall be 
monitored, with pickup adjustable from 85% to 100% of nominal. 
This adjustment shall be factory set at 95% pickup. 

c. Frequency sensing of the emergency source shall be provided, with 
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pickup adjustable from 90% to 100% of nominal. This adjustment 
shall be factory set at 97% pickup. 

d. The control panel shall meet or exceed the voltage surge withstand 
capability in accordance with IEEE Standard 472-1974 (ANSI 
C37.90a 1974) and the withstand voltage test in accordance with 
the proposed NEMA Standard ICS1-109.21. 

5. The transfer switch control panel shall be capable of operating over a 
temperature range of -20 to +60 degrees C. 

6. The control panel shall include the following field adjustable time delays: 

a. Time delay to override momentary normal source outages, 
adjustable from 0 to 5 minutes. This adjustment shall be field set to 
place emergency generator on-line in 1 minute. 

b. Transfer to emergency time delay for controlled timing of load 
transfer to emergency, adjustable from 0 to 5 minutes. This 
adjustment shall be field set switch position in 5 seconds after 
power has stabilized. 

c. Emergency source failure time delay to ignore momentary 
transients during initial generator set loading, adjustable from 0 to 
6 seconds. Set at 2 seconds. 

d. Retransfer to normal time delay, adjustable 0 to 60 minutes. This 
adjustment shall be factory set at 5 minutes. The time delay is 
automatically bypassed if the emergency source fails and normal 
source is acceptable. 

e. Unloaded running time delay for emergency engine generator 
cooldown, adjustable from 0 to 60 minutes.  This adjustment shall 
be factory set at 5 minutes. 

f. Delayed transition time delay for setting the dead time when all 
power is removed from the load side of ATS, adjustable 0 to 5 
minutes. Set at 1 minute. 

g. Generator Exercise Timer: Timer provided for operator adjustment 
of day of week, time of day and run duration for exercising the 
generator under operating loads by activating the automatic 
transfer switch.  . Timer shall be mounted on the ATS outer 
deadfront door. 

h. The controller shall provide an integral engine exerciser. The timer 
shall be field set by the Contractor with date and time as 
determined by the Owner.  The engine exerciser shall allow the 
user to program up to seven different exercise routines.  For each 
routine, the user shall be able to:  

1) Enable or disable the routine. 
2) Enable or disable transfer of the load during routine. 
3) Set the start time of day, day of week, week of month, 
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alternate or every time start, duration of run. 
4) At the end of the specified duration the switch shall transfer 

the load back to normal and run the generator for the 
specified cool down period.  A 10-year life battery that 
supplies power to the real time clock in the event of a 
power loss will maintain all time and date information. 

7. The controller shall commit-to-start engine which requires the engine to 
reach proper output and run at least the duration of the cooldown setting, 
regardless of whether the load is transferred. 

8. Provide interface relays or main switch follower contacts to comply with 
I/O interface requirements as defined in the P&ID diagram.  Interfacing 
relays shall be industrial grade plug-in type with dust covers.   Interface 
connections shall be wired to backpan terminal blocks.  At minimum, the 
switch shall have the following unused I/O contacts available: 

a. Switch in Normal – SPDT rated 10 amps, 120 VAC 
b. Switch in Emergency – SPDT rated 10 amps, 120 VAC 
c. Engine starting contact -- DPDT gold-flashed contacts rated 10 

amps, 32 VDC 
d. Emergency Power available – SPDT rated 10 amps, 120 VAC 
e. Normal Power available – SPDT rated 10 amps, 120 VAC 

9. Terminals shall be provided for a remote contact which opens to signal the 
ATS to transfer to emergency and for remote contacts which open to 
inhibit transfer to emergency and/or retransfer to normal. 

10. Provide separate LED signal lights with nameplates indicating the 
following:  

a. Utility power is available (green) 
b. Generator power is available (red) 
c. ATS is connected to  Utility source (green) 
d. ATS is connected to the Generator source (red) 
e. ATS in neutral position (wht) 

11. A three position momentary-type test switch shall be provided for the test / 
automatic / reset modes: 

a. Test: simulate normal source failure  
b. Automatic:  normal operation 
c. Reset: bypass the time delays on either transfer to emergency or 

retransfer to normal. 

12. All adjustments shall be field adjustable without the use of tools, meters, 
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power supplies, or special test equipment and can be made safely without 
personal exposure to live parts 

13. Each adjustment resolution shall be settable within minimum increments 
of 1%. 

14. Repetitive accuracy of timer, voltage and frequency settings over a 
temperature range of –20° C to 70° C shall be within +/-2%. 

15. The control panel programming shall be lockable via password protection. 

16. The wire harness for connection of the control panel to the transfer switch 
shall have sufficient length to reach between the mounting locations 
shown on the Contract drawings. 

17. Provide the following displays on the controller: 

a. Event log to display 99 logged events with the time and date of the 
event, event type and event reason. 

b. Total number of ATS transfers. 
c. Number of ATS transfers caused by power source failures. 
d. Total number of days ATS has been in operation. 
e. Total number of hours that the normal and emergency sources have 

been available. 

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

B. Requirements of Related Electrical Sections apply to design, documentation 
construction and assembly of Automatic Transfer Switches. 

C. Perform work to remedy non-compliant installations after inspection. 

3.02 FIELD ASSISTANCE 

A. Testing, checkout and start-up of the ATS equipment shall be performed under 
the technical direction of a factory trained authorized manufacturer representative.  

1. The setup and programming of the ATS shall be provided by a factory-
trained representative who is authorized by the ATS manufacturer to 
perform the startup. This setup and programming shall be done prior to 
and during the first application of power.   
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2. Provide testing as specified in Section 16600 – Factory and Field Testing. 

B. Provide 1 hour of “ATS Setup” Training on operating and maintenance 
procedures. 

3.03 WARRANTY 

A. Provide warranty as specified in Electrical Section 16010 – Warranty. 

END OF SECTION 
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SECTION 16470 - PANELBOARD & POWER TRANSFORMER 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. The Contractor shall supply panelboards and power transformers as specified 
herein and as shown in the Contract Drawings. 

B. The Contractor shall perform complete startup and testing services for the 
panelboard and power transformer per Section 16600 – TESTING. 

C. Work includes that specified in Section 16010 – Electrical. 

D. Reference drawings for panelboard and transformer location – electrical structures 
or stand-alone.  If within electrical structures, the Contractor shall supply the 
electrical section with factory installed panelboard and transformer.  If stand-
alone, the Contractor shall install individual components with enclosures as 
specified herein. 

1. The quantity of breakers with size and number of poles as shown on 
panelboard schedules. 

2. Submittal data and drawings. 
3. Startup assistance. 
4. Panelboard testing. 
5. Operation and maintenance manuals. 
6. Warranty of all components of the panelboard and power transformer. 

1.02 SUBMITTALS AND DRAWINGS 

A. Provide submittals and drawings as specified in Section 16010 – Electrical, 
Submittal Requirements.  

B. Provide ratings and characteristics including voltage, temperature rise, KVA, 
efficiency, materials of construction, NEMA enclosure rating, voltage taps, and 
impedance. 

C. Provide catalog cuts for circuit breakers and devices. 

D. Submit panelboard schedule for approval. 

1.03 OPERATING INSTRUCTIONS 

A. Provide operating instructions as specified in Section 16010 – Electrical, 
OPERATING INSTRUCTIONS. 
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PART 2 – PRODUCTS 

2.01 PANELBOARDS 

A. General 

1. The Contractor shall furnish panelboards of a type indicated on the one-
line Contract drawings and specified herein. 

2. Panelboards shall comply with the applicable sections of UL, NEC, and 
NEMA and shall be Cutler Hammer Pow-R-Line, Square D, ITT or 
approved equal. 

3. A machine-typed circuit directory with clear plastic cover shall be 
supplied mounted on the inside of door in a frame when equipment is 
shipped.  Circuit directory shall be as approved in the Submittal. 

B. Interiors 

1. Interiors shall be completely factory assembled with bolt-on devices. 

2. Branch circuit breakers shall include padlock lockout provisions.  Provide 
Cutler Hammer QLPB123PL or approved equal.  Main breakers shall 
include padlock hasp suitable for frame size. 

3. Full size insulated neutral bars shall be included.  Neutral busing shall 
have a suitable lug for each outgoing feeder requiring a neutral 
connection. 

4. Main bus bars shall be plated copper seized in accordance with UL 
standards to limit temperature rise on any current carrying part to a 
maximum of 50 degrees C above an ambient 40 degrees C maximum. 

5. A copper ground and neutral bus shall be included in all panelboards with 
terminal screws. 

C. Boxes 

1. Provide minimum gutter space in accordance with the National Electric 
Code.  Where feeder cables supplying the mains of a panel are carried 
through its box to supply other electrical equipment, the box shall be sized 
to include the additional required wiring space.  At least four interior 
mounting studs with adjustable nuts shall be provided. 

D. Trims 
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1. Provide a hinged door over all circuit breaker handles.  Doors in 
panelboard trims shall not uncover any live parts.  Doors shall have a 
catch, lock and trim. 

2. Surfaces of the trim assembly shall be properly cleaned, primed and a 
finish coat of gray ANSI 61 or 49 or to Switchboards and MCCs. 

3. Surface trims shall be same height and width as box for surface mount, 
and ¾” (min) beyond box on all sides for flush mount. 

E. Panelboard Ratings 

1. Panelboards shall have voltage, phase and short circuit (AIC) ratings as 
shown on the drawings. 

2. Breakers shall be a minimum of 100 ampere frame.  Breakers 15 through 
100 amperes trip size shall take up the same pole spacing. 

3. Panelboards shall be labeled with a UL short circuit rating.  When series 
ratings are applied with integral or remote upstream devices, a label shall 
be provided.  Series ratings shall cover all trip ratings of installed frames.  
It shall state the conditions of the UL series ratings including: 

a. Size and type of upstream device 
b. Branch devices that can be used 
c. UL series short circuit rating 

2.02 POWER TRANSFORMER 

A. The power transformer shall be ventilated dry type.  Voltage and KVA ratings 
shall be as shown on the Contract Drawings.  The transformer shall be as 
manufactured by Cutler Hammer, Jefferson, ACME, Square D, G.E., or approved 
equal. 

B. Coils shall be manufactured of electrical grade copper and shall be adequately 
braced for short circuit ratings and defined in ANSI and NEMA standards. 

C. Transformers rated 31KVA and above shall have two 2½ percent taps above and 
below normal full capacity (ANFC and BNFC). 

D. The transformer shall carry full load continuously at rated voltage and frequency 
without exceeding the average temperature rise of 115°C above an ambient 
temperature of 40°C.  Insulation shall be rated for 220°C (UL class 220°C). 

E. For transformers installed within electrical equipment, vibration isolators shall be 
installed between the transformer and its mounting surface to reduce case 
vibration and associated noise. 
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F. For stand alone transformers, the transformer housing shall be securely fastened 
to the mounting surface with bolted connections sized appropriately to withstand 
seismic zone 4 forces. 

G. The transformer shall be finished with two coats of enamel to resist rust and 
corrosion. 

H. Transformers located inside electrical structures or enclosures shall be provided 
with adequate ventilation for heat removal as required. 

I. Transformer neutral shall be grounded in accordance with Article 250-26 and 
450-10 of NEC and any applicable local ordinances.  Installation and protection 
of the transformer grounding conductors and attachments shall be per NEC 250-
24. 

PART 3 – EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 – Electrical. 

3.02 INSTALLATION 

A. Provide installation as specified in Section 16010 – Electrical, INSTALLATION. 

3.03 FIELD ASSISTANCE 

A. Provide testing as specified in Section 16600 – FACTORY AND FIELD 
TESTING. 

3.04 WARRANTY 

A. Provide warranty as specified in Section 16010 – Electrical, WARRANTY. 

 

END OF SECTION 
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SECTION 16481 - VARIABLE FREQUENCY DRIVE 
 

 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. Provide each variable frequency drive as shown on elementary and one-line 
drawings.  Variable frequency drive shall be provided with full speed bypass, 
harmonic conditioner, line and/or load reactor, RFI filter and/or other accessories 
where shown on Contract Drawings.  All VFDs shall be of the same 
manufacturer. 

B. Provide enclosure (and wire chase as required) for top or bottom feed conduit 
connection as shown in the drawings.  Enclosure size shall not exceed the space 
allocated in the drawings for such use. 

C. Provide cooling/ventilation system, mounting hardware, associated components, 
devices, and field control stations.  Some components may be specified in other 
division 16 sections such as terminal blocks, wire, buttons, etc. 

D. Installation of the VFD system with components as specified in Section 16010 - 
Electrical. 

E. The VFD scope of work includes: 

1. Providing and installing VFD(s) of rating shown on Contract Drawings. 
2. Submittal data and drawings. 
3. Startup assistance. 
4. Factory and field testing. 
5. Operation and maintenance manuals. 
6. Warranty of all components. 

F. Startup and configuration of VFD with actual motor load. 

G. Factory and field testing per Section 16600.  Furnish all required labor, materials, 
safety equipment, transportation, test equipment, incidentals and services to 
perform factory and/or field testing 

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 
B. Section 16120 – Wire, Fuses and Terminal Blocks 
C. Section 16600 – Factory and Field Testing 

1.03 JOB CONDITIONS 
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A. Equipment shall perform in location as shown in the drawings and as described in 
the job conditions listed in Section 16010 – Electrical. 

1.04 SUBMITTALS REQUIREMENTS 

A. Provide Submittals as specified in Section 16010. 

B. Include a record of each VFD parameter available to be changed by the user.  The 
list shall include factory defaults and space for entered values. 

1.05 OPERATING AND MAINTENANCE INFORMATION 

A. Provide operation and maintenance instructions as specified in Section 16010. 

B. Include a record of each VFD parameter setup during startup and testing and 
place a copy of setting in each O & M manual. 

PART 2:  PRODUCTS 

2.01 QUALITY 

A. All equipment shall be designed for the service intended and shall be of rugged 
construction, of ample strength for all stresses which may occur during 
fabrication, transportation, erection, and continuous or intermittent operation.  All 
equipment shall be adequately stayed and braced and anchored and shall be 
installed in a neat and workmanlike manner.  Appearance and safety, as well as 
utility, shall be given consideration in the design of details. All components and 
devices installed shall be standard items of industrial grade, unless otherwise 
noted, and shall be of sturdy and durable construction suitable for long, trouble-
free service.  Light duty, fragile, and competitive grade devices of questionable 
durability shall not be used. 

B. Products that are specified by manufacturer, trade name, or catalog number 
establish a standard of quality and do not prohibit the use of equal products of 
other manufacturers provided they are favorably reviewed by the Owner and/or 
Engineer prior to installation. 

C. Underwriter’s Laboratories (UL) listing is required for all substituted equipment 
when such a listing is available for the first named equipment. 

2.02 QUALITY 

A. All equipment and materials shall be new and the products of reputable suppliers 
having adequate experience in the manufacture of these particular items.  For 
uniformity, only one manufacturer will be accepted for each type of product. 

B. All equipment shall be designed for the service intended and shall be of rugged 
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construction, of ample strength for all stresses which may occur during 
fabrication, transportation, erection, and continuous or intermittent operation.  All 
equipment shall be adequately stayed and braced and anchored and shall be 
installed in a neat and workmanlike manner.  Appearance and safety, as well as 
utility, shall be given consideration in the design of details. All components and 
devices installed shall be standard items of industrial grade, unless otherwise 
noted, and shall be of sturdy and durable construction suitable for long, trouble-
free service.  Light duty, fragile, and competitive grade devices of questionable 
durability shall not be used. 

C. Products that are specified by manufacturer, trade name, or catalog number 
establish a standard of quality and do not prohibit the use of equal products of 
other manufacturers provided they are favorably reviewed by the Owner and/or 
Engineer prior to installation. 

D. Underwriter’s Laboratories (UL) listing is required for all substituted equipment 
when such a listing is available for the first named equipment. 

2.03 VARIABLE FREQUENCY DRIVE 

A. This specification is based on Allen Bradley Power Flex 700, no equal. 

B. The VFD shall be of the latest technology used to control and maintain a process 
variable (level, flow, pressure, speed, etc.) by varying the motor speed. The VFD 
shall be available from a single manufacturer in the horsepower range of 1 to 500 
HP.  

1. Rectification 

a. Rectification - AC line power shall be first converted to a fixed DC 
voltage utilizing one or more full-wave diode bridge or equivalent 
SCR full-wave bridge used only for controlling the rate of charging 
the capacitors upon power initialization. This shall be done to 
provide an input displacement power factor of 0.96 or greater 
throughout the entire speed range and provide insensitivity to noise 
already present on the AC line. 

b. DC link - A DC link shall then couple the bridge rectifier DC 
voltage to the inverter Section via a copper bus. The DC link shall 
include capacitors to smooth the ripple present on the rectifier 
output plus inductors to limit the rate of change of current during 
output short circuit conditions. 

c. DC link choke – An internal DC link choke shall be provided to 
attenuate for harmonics and provide improvement to the power 
factor. 
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d. Inverter - The third step shall invert the fixed DC link voltage to a 
three-phase adjustable voltage, adjustable frequency output 
utilizing power transistors in the inverter circuit. The complete 
VFD assembly shall be capable of attaining input to output power 
transfer efficiencies of greater than 96% percent throughout the 
motor speed range of 50 through 100 percent.  A pulse width 
modulation (PWM) switching technique shall be used to provide a 
nominal simulation of a true sine wave. This modulation technique 
shall ensure low harmonic content, smooth low speed operation, 
and adequate starting torque. Other modulation methods are not 
acceptable. The output voltage shall vary proportionally with the 
output frequency to maintain a constant Volts/Hz value up to 60 
Hz, except during voltage boost operation. Above 60 Hz, the 
voltage shall remain at a constant nominal value. 

C. Load - The VFD shall be designed to continuously operate the following 
motor/pump load: 

1. Motor NEMA design B, squirrel-cage induction or specialty specific use 
motor per Mechanical Division Specification as shown in drawings. 

2. Horsepower at full speed R.P.M. of submitted/approved motor. 
3. Voltage, 230/460 VAC, three phase, 60 Hz. 
4. Service factor, 1.15 S.F. 

D. Input Power - The VFD shall be rated to continuously operate under the following 
input power conditions:  

1. The Drive shall be rated to operate from 3-phase power at nominal voltage 
(230VAC or 500VAC +10/-10% as shown in drawings), 48Hz to 63Hz.   

2. The overvoltage trip level shall be a minimum of 30% over nominal, and 
the undervoltage trip level shall be a minimum 35% under the nominal 
voltage. 

3. Three phase, phase rotation insensitive. 
4. Displacement power factor, 0.95 lagging at all loads and speeds above 

10% rated load. 

E. Output Power - The VFD shall be rated to continuously operate while providing 
the following output power conditions:  

1. Voltage, 0 to 480 VAC. 
2. Frequency, 3 to 60 Hz. 
3. Continuous motor horsepower. 
4. VFD amp output (minimum). 
5. Continuous current - as shown in drawings or 125% of rated motor 

nameplate amps, whichever is higher. 
6. Short time current, 120% of continuous rated current for a minimum 
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duration of 1 minute per every 5 minutes running. 
7. Short time current, 150% of continuous rated current for a minimum 

duration of 2 seconds per every 15 seconds running. 
8. Waveform - sine coded PWM. 
9. The drive’s switching pattern shall be continually adjusted to provide 

optimum motor flux and avoid the high-pitched audible noise. 
10. Diodes and transistors shall have a minimum withstand of 1,200 peak 

inverse voltage (PIV). 

F. Environmental - The VFD shall be rated to continuously operate under the 
following environmental conditions:  

1. Ambient temperature, 32°F to 122°F (0°C to 50°C). 
2. Altitude, no derating below 3,300 ft. 
3. Relative humidity, 95% non-condensing. 
4. The drive shall be protected from atmospheric contamination by chemical 

gasses and solid particles pre IEC 721-3-3, classes 3C2 and 3S2.   
5. The drive shall be protected from vibration per IEC 68-2-6 (max. 

sinusoidal displacement 1 mm, 5Hz to 13.2Hz and max. acceleration 
7m/s2, 13.2Hz to 100Hz). 

G. Protection - The VFD shall be provided with the following  protection: 

1. Inrush current limit. 
2. Ground fault. 
3. Overtemperature, heatsink thermal switch protects against excessive 

ambient or loss of cooling. 
4. DC bus protection. 
5. Undervoltage. 
6. Overfrequency. 
7. Input and output phase loss. 
8. Speed compensated electronic motor overload current. 

H. Digital programmer/controller –The VFD shall be provided with a door mounted 
alpha-numeric human interface module (HIM) digital display with keypad to view 
and adjust the following diagnostic and status indicators: 

1. VFD Speed % or Frequency 
2. Instantaneous overcurrent. 
3. Ground fault. 
4. Overtemperature. 
5. Overvoltage. 
6. Undervoltage. 
7. Overload. 
8. Overfrequency. 
9. Amps. 
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10. Voltage. 
11. Temperature. 
12. Auxiliary Fault. 
13. Phase loss. 
14. Current limit. 
15. Power up delay. 
16. Drive enabled. 
17. Gate driver board functioning. 
18. DC link bus charged (indicated with a neon lamp). 

I. Adjustments - The following setting ranges shall be provided and made 
independently accessible for operator adjustment: 

1. Minimum speed, 4 to 40 Hz.  
2. Maximum speed, 40 to 120 Hz. 
3. Acceleration time, 1 to 120 seconds. 
4. Deceleration time, 1 to 120 seconds. 
5. Current limit, 60 to 120% of rated output current. 
6. Voltage boost, up to 60 volts at 4 Hz. 
7. Overload trip, 0 to 100% of rated output current. 

J. Input and Output Terminations - The VFD assembly shall have terminals for input 
and output cabling as defined in the Conduit and Wire Schedule as shown on the 
Contract Electrical Drawings. 

1. Provide power terminal blocks for motor lead connections where drive 
terminals are hard to reach or require drive cabinet disassembly to 
connect. 

K. Laptop programming connectivity shall be provided to access the drives internal 
parameters.  Provide a USB or RS232 serial converter device and cable for 
connection to the laptop.  Provide programming software as necessary to allow 
upload/download of data parameters and view current drive status.  Provide Allen 
Bradley Drive Tools software and 1203 USB converter, or approved equal to 
match drive being submitted. 

L. Features - The VFD assembly shall have the following features: 

1. Connection of the three incoming line leads and three-motor leads shall be 
the only connections necessary for manual operation of the VFD unit.  All 
other wiring shall be prewired at the factory and self-contained within the 
VFD unit. A 120 VAC control power transformer and other auxiliary 
power supplies shall be provided with the VFD assembly for power to 
pilot lights, meters, relays, and miscellaneous devices specified to be 
supplied with the VFD. Lugs shall be provided for connection of all power 
leads; terminal blocks shall be provided for all other wiring. Relay logic, 
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wiring and enclosure layout shall be equivalent to that shown on the 
Contract "E"-Series Drawings. 

2. The VFD shall be protected by a circuit breaker disconnect. The 
disconnect shall be externally operated and shall have an operator 
mechanism that is an integral part of the enclosure. An operator 
mechanism shall be provided to allow padlocking the disconnect in the 
"off" position with up to two padlocks. 

3. AC input fuses shall be provided on the line and/or load side of the VFD 
(if required by the manufacturer) to isolate the VFD power circuitry upon 
a fault condition. 

4. Transient and surge voltage power line input protection shall be provided 
for the VFD through use of metal oxide varistors (MOVs), surge 
protective module, or other approved equal methods. Transient protection 
integral to the VFD shall be provided to a minimum of 10,000 volts, 50 
joules without failure. The transient protection shall meet or exceed ANSI 
C7, 90-1971 and IEEE 472-1974 Standards without failure. Failure is 
defined as loss of components in the VFD including power 
semiconductors and fuses. The VFD shall be protected from the following, 
as a minimum, power line transients and recover to automatically restart 
and resume normal operation without posting a fault: 

a. Switching the primary of a power transformer. 
b. Switching power factor correction capacitors “ON” and “OFF” 

line. 
c. De-energization or energization of contactors, relays, and other 

power equipment from the power line. 
d. Starting and stopping of other motors when powered from Utility. 

5. The VFD shall not be affected by or generate excessive electro-magnetic 
interference (EMI). The VFD shall be provided with a radio interference 
filter (RIF) to meet the following requirements: 

a. The use of a 4 Watt hand-held VHF/UHF transceiver within three 
feet of the VFD with its doors closed shall not cause erratic 
operation, loss of configuration, or any other deviation from 
normal operation. 

b. The worst case conducted and radiated EMI generated by the VFD 
shall not be enough to prevent the use of hand held VHF-UHF 
transceivers within three feet of the VFD with its doors closed. 

6. The VFD system manufacturer shall provide, as a minimum, input line 
series reactors to prevent the VFD from interacting with the incoming 
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Utility power line or the generator. Harmonics generated by the VFD shall 
not affect any device on the existing power distribution system; harmonics 
from any device on the existing power distribution system shall not affect 
the operation of the VFD.   

7. Opening of the VFDs input switches, or breakers while the VFD is 
operating under load shall not result in damage to the VFD power or 
control circuit components. 

8. The VFD shall be capable of starting and operating without a motor load 
connected. 

9. Phase loss protection shall be provided to prevent single phasing of the 
motor load. 

10. The VFD shall have an instantaneous electronic trip circuit to protect the 
VFD from output line-to-line and line-to-ground short circuits. Output 
line-to-line and line-to-ground short circuits shall not damage the VFD. 

11. The VFD shall be capable of providing 110% motor FLA current 
intermittently for durations of 1 minute.  

12. The VFD shall have stall prevention circuitry which utilizes current fold-
back in the following sequence: 

a. In an operation mode, whenever the output current exceeds its 
rated VFD current, the VFD controls shall stop increasing the 
output frequency and shall decrease it according to the set 
deceleration ramp until the output current is reduced below its 
rated current. The inverter then resumes normal operation and the 
output frequency increases to the set frequency. 

b. The VFD shall constantly monitor the load current with an 
electronic thermal overload relay and trip the drive on motor 
overload. The electronic overload relay shall be adjustable and 
compensate for the reduced cooling of the motor at reduced 
speeds. This protection provides an orderly shutdown should the 
motor's thermal capabilities be exceeded and eliminates the 
requirement for conventional motor overload relays. 

13. The VFD shall be protected from excessive regeneration by a full function 
regeneration limit circuit which avoids nuisance tripping when 
overhauling loads occur. The full function regeneration limit circuit 
reduces the negative current limit of the drive during periods of excessive 
regeneration allowing the drive to remain fully operational without 
exceeding the level of regenerated energy which can be safely accepted 
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and dissipated by the inverter. The following performance characteristics 
shall be provided: 

a. The regeneration circuit automatically adjusts the negative current 
limit, allowing the load to decelerate at the fastest rate possible 
without excessive regenerated energy. Deceleration torque is 
automatically limited to its maximum safe level. 

b. If the load tends to overhaul the drive motor, the negative current 
limit is automatically adjusted to prevent excessive regeneration. 
The inverter hold back torque decreases and allows the motor to 
follow the load while maintaining hold back torque at its maximum 
safe level. 

14. Automatic fault reset to automatically restart the drive after any type of 
fault condition. This automatic restart shall repeat up to three attempts.  
This automatic reset shall be provided to prevent a drive fault from 
completely locking out on isolated nuisance fluctuations.  When the drive 
is locked out after its automatic reset attempts the operator shall be able to 
reset the VFD by a local or remote manual reset pushbutton.  Fault lockout 
shall be indicated on the door mounted drive fail pilot light. 

15. The VFD shall be capable of continued operation during an intermittent 
loss of incoming line power up to five cycles. 

16. The VFD shall automatically restart upon reapplication of power after a 
loss of line power. Momentary or sustained power failures shall not fault 
trip out the VFD or blow any fuses. 

17. Any configuration of adjustments or controls not set by a switch or 
potentiometer shall be stored in nonvolatile memory. No configuration 
information shall be lost due to power failures of any duration. 

18. The VFD shall be capable of starting into a rotating motor without tripping 
out on a fault. 

19. The drive shall have an adjustable voltage boost control capable of 
providing additional starting torque to the motor at start. This control shall 
provide the additional voltage only at the frequency range required to start 
the motor thus reducing the additional motor heating excess voltage would 
cause at normal operating speeds. 

20. The drive shall be equipped with critical frequency jump circuitry which 
allows the VFD to be setup to skip two bands of frequencies which cause 
excessive vibration or noise. 
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21. Digital Programmer/Controller (HIM) shall be provided and remote door 
mounted.  Cable for remote digital programmer/controller shall be 
supplied.  The remote controller shall be mounted and housed to maintain 
the NEMA 12 door rating. 

22. The VFD shall be equipped with a variable speed contactor, full speed 
bypass contactor and overload heater where full speed bypass is shown on 
Contract Drawings. 

23. Provide line/load reactors/filters where shown on one-line diagrams. 

M. Enclosure - The enclosure shall be as shown in the drawings - freestanding, motor 
control center section or MCC cubicle mount construction.  All components shall 
be accessible from the front of the enclosure.  Rear or side access shall not be 
required in order to remove or service any component.  The enclosure shall 
include the following in its construction: 

1. The VFD shall incorporate thermostat/run controlled fans for cooling. The 
air flow through the VFD compartment shall provide proper cooling of the 
operating VFD at an ambient temperature of 104°F.  Fan mounting shall 
include reusable air filters on suction.  Provide fans for suction and 
discharge vents as required maintaining air flow and forcing circulation.   

2. Provide specific use fans located within the enclosure to cool, directly, 
specific components such as line filters or DV/DT filters.   

3. Thermostat shall have bi-metallic adjustable set point range of 30° to 
140°F.  Thermostat shall have a switching capacity of 10A at 120 VAC.  
Provide Hoffman A-TEMNO temperature switch or approved equal to 
operate fans.  Thermostat shall operate fans in parallel with motor running 
output of VFD. 

4. The complete VFD unit, including the enclosure assembly, shall be UL 
listed for a minimum of 42,000 RMS symmetrical ampere fault withstand 
capability. VFD assemblies consisting of the VFD, enclosure and all 
accessories that are not UL listed will not be approved. 

2.04 HARMONIC LINE REACTOR 

A. Provide three phase AC reactor intended for use as an input or output filter for 
AC-PWM variable frequency drives.  Line reactor shall be current rated to 
maximum continuous VFD drive amp rating or as shown in the Contract 
Drawings.  The impedance of the reactor shall be 5% or as shown otherwise in the 
Contract Drawings. 

B. The line reactor shall be TCI KLR series,  MTE, or approved equal. 
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2.05 dV/dT Output Filter 

A. Provide output load filter that is designed for use with AC adjustable frequency 
drives.  The filter shall be rated for application at a maximum fundamental system 
frequency of 60Hz at nominal system voltages up to 600V. The filter shall operate 
at a maximum carrier frequency of 8kHz at 40% of fundamental voltage.  The 
ambient temperature of operation shall be 0°C to 40°C.  Output filter application 
shall be effective for motor lead distances between the drive and the motor that 
range from 50 feet to 3,000 feet. 

B. The three phase filter shall be designed for harmonic filtering service and for 
slowing the rate of rapid current and voltage changes.  The RLC dampened, low 
pass filter consists of three phase, iron core inductor; AC-rated polypropylene 
capacitors; and wire-wound resistors. Filter shall be sized to VFD maximum 
amperage or as shown in the drawings.  The design maximum temperature rise for 
output filter shall be 115°C at rated current.  Inductance shall remain above 50% 
of nominal for any overload up to 200% of rated current. Filter shall not sustain 
any thermal damage for levels up to 150% of rated current for a minimum period 
of five minutes. 

C. A NEMA rated enclosure shall be provided if the device is shown remote to the 
VFD panel or if insufficient space is allocated within the VFD panel/section.  
Enclosure shall be constructed from 14 gauge steel with enamel finish.  Enclosure 
openings shall be provided to allow for air flow convection cooling. 

D. The output filter shall be coordinated and compatible with the VFD being 
submitted.  The output filter shall not cause operational problems for the VFD, 
motor, cables, or other components within the VFD or adjacent systems. 

E. The output filter shall be Trans-coil, Inc. “KLC” series, MTE Corporation “RL” 
series or approved equal. 

2.06 SINGLE TURN POTENTIOMETER 

A. Provide manual single turn potentiometer.  Potentiometer shall be compatible 
with the VFD input for manual speed control.  Potentiometers shall be Allen-
Bradley 800H, Cutler Hammer or approved equal. 

PART 3:  EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

B. Requirements of Related Electrical Sections apply to design, documentation 
construction and assembly of Variable Frequency Drives. 
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C. Perform work to remedy non-compliant installations after inspection. 

3.02 FIELD ASSISTANCE 

A. Testing, checkout and start-up of the variable frequency drive equipment shall be 
performed under the technical direction of a factory trained authorized 
manufacturer representative.  

1. The setup and programming of the VFD shall be provided by a factory-
trained representative who is authorized by the VFD manufacturer to 
perform the startup. This setup and programming shall be done prior to 
and during the first application of power to the motor.  The VFD 
electronic motor overload protection shall be set to meet the motor 
nameplate and NEC Code requirements. 

2. Provide testing as specified in Section 16600 – Factory and Field Testing. 

B. Provide 1 hour of “VFD Setup” Training on operating and maintenance 
procedures. 

3.03 WARRANTY 

A. Provide warranty as specified in Electrical Section 16010 – Warranty. 

-END OF SECTION- 
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SECTION 16482 - SOLID STATE SOFT STARTER 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. Provide each Solid State Starter (SSS) drive as shown on elementary and one-line 
drawings.  All SSSs shall be of the same manufacturer. 

B. Provide enclosure (and wire chase as required) for top or bottom feed conduit 
connection as shown in the drawings.  Enclosure size shall not exceed the space 
allocated in the drawings for such use. 

C. Provide cooling/ventilation system, mounting hardware, associated components, 
devices, and field control stations.  Some components may be specified in other 
division 16 sections such as terminal blocks, wire, buttons, etc. 

D. The SSS scope of work includes: 

1. Providing and installing SSS(s) of rating shown on Contract Drawings. 
2. Submittal data and drawings. 
3. Startup assistance. 
4. Factory and field testing. 
5. Operation and maintenance manuals. 
6. Warranty of all components. 

E. Startup and configuration of SSS with actual motor load. 

F. Factory and field testing per Section 16600.  Furnish all required labor, materials, 
safety equipment, transportation, test equipment, incidentals and services to 
perform factory and/or field testing 

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 
B. Section 16120 – Wire, Fuses and Terminal Blocks 
C. Section 16600 – Factory and Field Testing 

1.03 JOB CONDITIONS 

A. Equipment shall perform in location as shown in the drawings and as described in 
the job conditions listed in Section 16010 – Electrical. 

1.04 SUBMITTALS REQUIREMENTS 

A. Provide Submittals as specified in Section 16010. 
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B. Include a record of each SSS parameter available to be changed by the user.  The 
list shall include factory defaults and space for entered values. 

1.05 OPERATING AND MAINTENANCE INFORMATION 

A. Provide operation and maintenance instructions as specified in Section 16010. 

B. Include a record of each SSS parameter setup during startup and testing and place 
a copy of setting in each O & M manual. 

PART 2:  MATERIALS 

2.01 QUALITY 

A. It is the intent of the Contract Specifications and Drawings to secure the highest 
quality in all materials and equipment in order to facilitate operation and 
maintenance of the facility.  All equipment and materials shall be new and the 
products of reputable suppliers having adequate experience in the manufacture of 
these particular items.  For uniformity, only one manufacturer will be accepted for 
each type of product. 

B. All equipment shall be designed for the service intended and shall be of rugged 
construction, of ample strength for all stresses which may occur during 
fabrication, transportation, erection, and continuous or intermittent operation.  All 
equipment shall be adequately stayed and braced and anchored and shall be 
installed in a neat and workmanlike manner.  Appearance and safety, as well as 
utility, shall be given consideration in the design of details. All components and 
devices installed shall be standard items of industrial grade, unless otherwise 
noted, and shall be of sturdy and durable construction suitable for long, trouble-
free service.  Light duty, fragile, and competitive grade devices of questionable 
durability shall not be used. 

C. Products that are specified by manufacturer, trade name, or catalog number 
establish a standard of quality and do not prohibit the use of equal products of 
other manufacturers provided they are favorably reviewed by the Owner and/or 
Engineer prior to installation. 

D. Underwriter’s Laboratories (UL) listing is required for all substituted equipment 
when such a listing is available for the first named equipment. 

2.02 SOLID STATE SOFT STARTER 

A. General: 

1. Each solid state soft starter (SSS) shall be provided as a standalone system 
as an integral unit. The SSS shall be of the latest technology used 
exclusively for starting motors of the voltage and horsepower shown in the 
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drawings by limiting the voltage and/or current provided to the motor. The 
SSS shall be available from a single manufacturer in the horsepower range 
of 1 to 500. The SSS shall be microprocessor controlled and use high 
efficiency gated power Silicon Controlled Rectifiers (SCRs). The SSS 
shall be an Allen-Bradley SMC Dialog Plus with pump control option, no 
equal. 

2. The SSS shall feature the following selectable motor starting/stopping 
modes: 

a. Internal bypass contactor - The SSS shall have an internal running 
load rated full voltage contactor.  The contactor shall automatically 
engage when the SSS has completed the ramp start of the motor.  
The bypass contactor shall automatically disengage at the 
beginning of the ramp stop of the motor.  The voltage across the 
bypass contactor while engaged shall be less than 0.1 volts. 

b. Soft Start – The motor shall be raised to an initial torque value that 
is programmable from 0-90% of locked rotor torque.  The motor 
voltage is gradually increased during the acceleration ramp time, 
which is adjustable from 0-30 seconds. 

c. Soft Start with Selectable Kickstart – The kickstart, or voltage 
boost, is in addition to the normal soft start as described above.  
The soft starter shall provide a 0-2 second (selectable) current 
pulse equal to 550% of the motors full load current. 

d. Current Limit Start – This starting mode will limit the maximum 
starting current supplied to the motor during starting.  The user 
shall be able to adjust the current limit from 50% to 600% of full 
load current. 

e. Full voltage Start- This mode will provide full voltage and current 
to the motor with a 1/4 second ramp. 

f. Soft Stop – This feature will linearly ramp down the voltage over a 
time interval of 0-60 seconds (selectable) 

g. Pump Control – This optional mode (required as specified herein) 
provides non-linear voltage ramp starting and stopping to smoothly 
accelerate and decelerate the motor.  The starting time shall be 
programmable from 0-30 seconds and the stopping time 
programmable from 0-120 seconds. 

B. Load - The SSS shall be designed to continuously operate the following 
motor/pump load: 
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1. Motor, squirrel-cage induction.  
2. Pump, per Mechanical Division Specification. 
3. Horsepower, at Full speed R.P.M. of supplied motor. 
4. Voltage, 460 VAC, three phase, 60 cycle. 
5. Service factor, 1.15 S.F. 

C. Input Power - The SSS shall be rated to continuously operate under the following 
input power conditions:  

1. Voltage, VAC as shown in Contract one-line diagram, +10%, -10%. 
2. Frequency, 60 Hz. 
3. Three phase. 

D. Output Power - The SSS shall be rated to continuously operate while providing 
the following output power conditions:  

1. Voltage, 0 to 460 VAC. 
2. Frequency, 60 Hz. 
3. SSS amp size (minimum) as shown on Contract one-line drawing. 
4. Continuous motor horsepower. 
5. Continuous current, 125% of rated motor nameplate Amps. 

E. Environmental - The SSS shall be rated to continuously operate under the 
following environmental conditions:  

1. Ambient temperature, 32°F to 122°F (0°C to 50°C). 
2. Altitude, no derating below 3,300 ft. 
3. Relative humidity, 95% non-condensing. 

F. Digital programmer/controller –The SSS shall be provided with a door mounted 
alpha-numeric human interface module (HIM) digital display with keypad to view 
and adjust the following diagnostic and status registers: 

1. Volts AC per phase. 
2. Current per phase. 
3. Watts. 
4. KWH. 
5. Power Factor. 

G. Adjustments - The following setting ranges shall be provided and made 
independently accessible for operator adjustment: 

1. Overvoltage level/delay. 
2. Undervoltage level/delay. 
3. Current unbalance level/delay. 
4. Underload level/delay 
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5. Phase reversal 
6. Jam level/delay. 
7. Starts per hour. 
8. Backspin delay. 
9. Ramp times (start and stop). 
10. Motor code letter 
11. Overload class 
12. Motor FLA 
13. Motor Service Factor. 

H. Input and Output Terminations - The SSS assembly shall have terminals for input 
and output cabling as defined in the Conduit and Wire Schedule as shown on the 
Contract Electrical Drawings. 

I. Features - The SSS assembly shall have the following features: 

1. Bypass Contactor Control - The SSS shall be capable of controlling a 
bypass motor contactor to allow motor current to flow around the soft 
starter, through the contactor, and to the motor.  Once the motor is up to 
speed, the contactor shall be closed and held until a fault or stop 
command.  In this mode, no current will flow through the soft starter 
power terminals but shall remain in the “on” state.  An external current 
sensing module shall monitor the motor current to maintain the diagnostic, 
fault and control functions.  Upon shutdown, the bypass contactor shall 
open and allow the soft starter to ramp down the motor.  Provide sensing 
module as required per one-line or elementary diagram. 

2. Phase rebalance – If enabled, the soft starter shall monitor the incoming 
three-phase line voltage and automatically adjust the output voltage to 
balance the three phase currents drawn by the motor.  

3. Connection of the three incoming line leads and three-motor leads shall be 
the only connections necessary for manual operation of the SSS unit.  All 
other wiring shall be prewired at the factory and self-contained within the 
SSS unit. A 120 VAC control power transformer and other auxiliary 
power supplies shall be provided with the SSS assembly for power to pilot 
lights, meters, relays, and miscellaneous devices specified to be supplied 
with the SSS. Lugs shall be provided for connection of all power leads; 
terminal blocks shall be provided for all other wiring. 

4. The SSS shall be protected by a circuit breaker disconnect. The disconnect 
shall be externally operated and shall have an operator mechanism that is 
an integral part of the enclosure. An operator mechanism shall be provided 
to allow padlocking the disconnect in the "off" position with up to two 
padlocks. 
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5. AC input fuses shall be provided on the line and/or load side of the SSS (if 
required by the manufacturer) to isolate the SSS power circuitry upon a 
fault condition. 

6. Transient and surge voltage power line input protection shall be provided 
for the SSS through use of metal oxide varistors (MOVs), surge protective 
module, or other approved equal methods. Transient protection integral to 
the SSS shall be provided to a minimum of 1,600 volts, 220 joules without 
failure. The transient protection shall meet or exceed ANSI C7, 90-1971 
and IEEE 472-1974 Standards without failure. Failure is defined as loss of 
components in the SSS including power SCRs and fuses. The SSS shall be 
protected from the following, as a minimum, power line transients and 
recover to automatically restart and resume normal operation without 
posting a fault: 

a. Switching the primary of a power transformer. 
b. Switching power factor correction capacitors “ON” and “OFF” 

line. 
c. De-energization or energization of contactors, relays, and other 

power equipment from the power line. 
d. Starting and stopping of other motors when powered from Utility. 

7. Opening of the SSS’s input switches, or breakers while the SSS is 
operating under load shall not result in damage to the SSS power or 
control circuit components. 

8. The SSS shall be capable of starting and operating without a motor load 
connected. 

9. Phase loss, reversal, undervoltage, overvoltage, and unbalance motor 
protection shall be provided built in to the SSS.   

10. External motor overload protection shall be required per drawings.  
External overload shall use bimetallic heating strips and provide +/-15% 
adjustment for full load amperage.  Provide Cutler Hammer Freedom or 
approved equal. 

11. Any configuration of adjustments or controls not set by a switch or 
potentiometer shall be stored in nonvolatile memory. No configuration 
information shall be lost due to power failures of any duration. 

12. The SSS shall be capable of starting into a rotating motor without tripping 
out on a fault. 

13. Digital Programmer/Controller (HIM) shall be provided and remote door 
mounted.  Remote serial interface shall be suitable for communication via 
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Allen-Bradley standard protocol. Cable for remote digital 
programmer/controller shall be supplied.  The remote controller shall be 
mounted and housed to maintain the NEMA 12 door rating. 

14. Laptop programming connectivity shall be provided to access the drives 
internal parameters.  Provide a USB or RS232 serial converter device and 
cable for connection to the laptop.  Provide programming software as 
necessary to allow upload/download of data parameters and view current 
drive status.  Provide Allen Bradley Drive Tools software and 1203 USB 
converter, or approved equal to match drive being submitted. 

J. Enclosure - The enclosure shall be free standing, motor control center style.  All 
components shall be accessible from the front of the enclosure.  Rear or side 
access shall not be required in order to remove or service any component.  The 
enclosure shall include the following in its construction: 

1. The SSS shall incorporate fans for cooling. The air flow through the SSS 
compartment shall provide proper cooling of the operating SSS at an 
ambient temperature of 104° F.  The thermostat shall be monitor and 
regulate air temperature in the SSS enclosure.  Thermostat shall have bi-
metallic adjustable set point range of 30 to 140° F.  Thermostat shall have 
a switching capacity of 10A at 120 VAC.  Provide Hoffman A-TEMNO 
temperature switch or approved equal to operate fans. 

2. The complete SSS unit, including the enclosure assembly, shall be UL 
listed for a minimum of 42,000 RMS symmetrical ampere fault withstand 
capability or as otherwise shown on the drawings. SSS assemblies 
consisting of the SSS, enclosure and all accessories that are not UL listed 
will not be approved. 

PART 3:  EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

B. Requirements of Related Electrical Sections apply to design, documentation 
construction and assembly of Solid State Soft Starters. 

C. Perform work to remedy non-compliant installations after inspection. 

3.02 FIELD ASSISTANCE 

A. Testing, checkout and start-up of the solid state starter equipment shall be 
performed under the technical direction of a factory trained authorized 
representative.   
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1. The setup and programming of the SSS shall be provided by a factory-
trained representative who is authorized by the SSS manufacturer to 
perform the startup. This setup and programming shall be done prior to 
and during the first application of power to the motor.  The SSS electronic 
motor overload protection shall be set to meet the motor nameplate and 
NEC Code requirements. 

2. Provide testing as specified in Section 16600, Factory and Field Testing. 

B. Provide 1 hour of “SSS Setup” Training on operating and maintenance 
procedures. 

3.03 WARRANTY 

A. Provide warranty as specified in Electrical Section 16010 – WARRANTY. 

END OF SECTION 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16600-1 Factory and Field Testing 

SECTION 16600 - FACTORY AND FIELD TESTING 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. This division defines factory and field testing requirements of electrical and 
instrumentation equipment and as specified in this section and in each section of 
division 16.  All equipment provided under division 16 and electrical equipment 
provided under other sections shall be tested as specified herein.  

B. The Electrical Contractor shall coordinate and pay for the services of an approved 
qualified third party independent testing company for the purpose of performing 
specific tests as outlined in EXECUTION, Field Test of this section.   

C. The System Integrator, Testing Company and/or Electrical Contractor shall 
provide all labor, tools, material, power, and technical supervision to perform the 
specified tests and inspections. 

D. The Electrical Contractor shall be present during field testing and assist the 
System Integrator and/or Testing Company in testing all equipment. The 
Electrical Contractor shall be ready to correct any wiring problems found during 
testing. 

E. The Owner Representative or Engineer will be actively engaged in Operational 
Testing and Commissioning.  These efforts shall be combined efforts of the 
Owner/Engineer and Contractor.  The Contractor shall facilitate test as outlined 
herein such that hardware and software are tested completely and all applicable 
test documentation is completed. 

F. It is the intent of these tests to ensure that all equipment is operational within 
industry and manufacturer's tolerances and is assembled in accordance with 
design plans and Specifications. 

G. All tests shall be documented in writing by the person performing the test on the 
test forms submitted (and similar to those shown at the end of this section) and 
signed by the Engineer as satisfactorily completed. The Testing Company, 
Electrical Contractor or System Integrator performing tests shall keep a detailed 
log of all tests that failed or did not meet Specifications, including date of 
occurrence and correction. 

H. The radio and communications equipment shall be completely configured by the 
Contractor for permanent operation.  Radio diagnostics, addresses, and 
configuration shall be recorded and provided with testing submittals.  Provide 
data in tabular format on Excel spreadsheet.  Contractor is required to test every 
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path, link, repeater until optimum results are obtained.  Test form example is not 
provided for this purpose and must be generated by the Contractor. 

1.02 RELATED WORK IN OTHER SECTIONS 

A. Additional testing may be specified in other Division 16 sections. 

1.03 FACTORY AND FIELD GENERAL REQUIREMENTS 

A. Testing General 

1. Prior to any field testing Operation & Maintenance Manuals shall have 
been submitted by the Contractor and approved by the Engineer. 

2. The test forms shall be completed by the contractor during testing and 
calibration of all equipment.  All tests shall be witnessed by the Engineer.  
Completed test forms shall be given to the Engineer the day of the test.   
Complete two sets of test forms if Contractor wants to keep a copy. 

3. The Contractor shall give the Engineer 10 working days notice of the dates 
and time for inspections and testing using the “Scheduled Test Date 
Request Form.”  

4. Include test results in the Maintenance and Operational Manual. 

5. As a minimum, all the tests indicated/specified on the test forms shall be 
performed and test forms filled out by the Contractor. 

6. Prepare and submit formal test procedures and forms to the Owner at least 
two weeks prior to the start of testing.  Testing shall not commence until 
the test procedures have been reviewed and approved by the Engineer.  
Submit a combined test procedure submittal with separate sections for 
factory and field tests. 

7. If the results of any of tests are unacceptable to the Engineer, the 
Contractor shall make corrections and perform the tests again until they 
are acceptable to the Engineer; these tests shall be done at no additional 
cost to the Owner. 

B. Failure to Meet Test 

1. Any system, material or workmanship which is found defective on the 
basis of these tests shall be reported to the Engineer immediately 
following the test.  The Contractor shall replace the defective material or 
equipment and have tests repeated until test proves acceptable to the 
Engineer without additional cost to the Owner. 
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C. Safety 

1. Testing shall conform to the respective manufacturer's recommendations. 
All manufacturers’ safety precautions shall be followed. 

2. The procedures stated herein are guidelines for the intended tests, the 
Contractor shall be responsible to modify these tests to fit the particular 
application and ensure personnel safety. Absolutely no tests shall be 
performed in such a fashion that personnel safety is jeopardized. 

3. The Contractor shall have two or more personnel present at all tests. 

4. Two non-licensed portable radios shall be provided by the Contractor for 
use during testing. 

5. Contractor shall comply with California Electrical Safety Orders (ESO) 
and Occupational Safety and Health Act (OSHA):  All test and procedures 
shall comply with ESO and OSHA as to safety, protective clothing, 
clearances, padlocks and barriers around electrical equipment energized 
during testing. 

6. The first set of tests to be performed (pre-energization) shall determine 
the suitability for energization and shall be completed with all power 
turned off. 

1.04 QUALIFICATIONS 

A. Testing Company 

1. Testing company shall have been actively engaged in the type of electrical 
testing specified in this Division for the past three years (minimum).  The 
Testing Company representative shall have two years experience in field 
testing of equipment working for the Testing Company or equivalent.  The 
following Electrical Testing Companies are pre-approved. 

a. EETS (916) 339-9691 
b. Industrial Test (916) 859-5959 
c. Electrical Reliability Services (916) 920-5014 
d. Apparatus Testing and Engineering (916) 853-6280 
e. Power Systems Testing (916) 969 9177 

2. Testing Companies not listed are required to submit company and 
individual representative resumes for review and approval by the 
Engineer. 

B. System Integrator Representative 
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1. The system integrator representative shall have 1 year experience in field 
testing of equipment working for the System Integrator or equivalent.  If 
the Engineer deems that the representative does not demonstrate necessary 
experience or competence during testing or start-up, the System Integrator 
shall provide a representative meeting the required competence and 
experience. 

C. Electrical Contractor Representative 

1. The Electrician shall have 5 years minimum experience working with 
industrial control systems and have a Journeyman level experience rating. 

1.05 SUBMITTAL REQUIREMENTS 

A. The Contractor shall ensure that the Testing Company, System Integrator, and all 
equipment suppliers provide the submittal documentation required in this section. 
Submittals shall be complete, neat, orderly, and indexed. The Contractor shall 
check all submittals required under this Division for the correct number of copies, 
adequate identification, correctness, and compliance with the Contract 
Specifications and Drawings, and initial all copies certifying compliance. 

B. The System Integrator shall submit for approval complete testing procedures and 
forms at least two weeks prior to the start of testing.  Contractor is responsible for 
compiling testing procedures and forms from multiple sub-contractors as required. 

C. Test submittal shall include: (as applicable) 

1. Proposed procedure for operational testing whether it is performed in the 
factory or field.  Procedure shall include method, simulated I/O 
requirements, bypass piping, telemetry, and necessary materials and 
equipment to conduct test. 

2. Test forms (for all tests, factory and field, and regardless of who performs 
tests).  Test forms shall be electronically completed prior to submittal with 
entry spaces filled to the extent possible.  The only remaining data that 
shall require completion during the test is the test data itself.   Test forms 
shall be provided as illustrated at the end of this section or equal. 

3. Approved shop one-line, elementary diagrams and PLC I/O drawings. 

4. Control strategies photocopied at 75% reduction with room at the side of 
page for comments on each paragraph or control strategy. 

PART 2: PRODUCTS 

2.01 TEST EQUIPMENT 
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A. Test equipment required to perform testing and document results shall be 
provided by Contractor, Testing Company or System Integrator. 

B. Test instruments shall be calibrated to references traceable to the National 
Institute of Standards and Technology.  Instrument calibration shall be current to 
one year from date of start-up. Test equipment accuracy shall be at least twice the 
accuracy of instrument being calibrated.  Test instrument certificates of 
calibration shall be on-hand and provided prior to testing. 

C. All test equipment to be used as part of the testing shall be listed in the submitted 
testing sheets. Contractor supplying the component or system to be tested shall 
provide all necessary test equipment. 

D. The overall accuracy of each input and output loop shall be checked to ensure that 
it is within manufacturer's Specification tolerances.  In no case shall the error 
exceed 0.25% or 0.04 mA. 

PART 3: EXECUTION 

3.01 FACTORY TESTING 

A. General Requirements 

1. The System Integrator shall conduct a thorough and complete factory test 
witnessed by Engineer per the criteria specified herein.  Factory test shall 
be held within 150 miles of project location. 

2. Temporary wiring and equipment shall be provided and connected during 
these tests to simulate the complete assembled system. 

3. The testing shall not be started until the manufacturer has completed 
fabrication, wiring, setup, programming; quality control testing; and can 
demonstrate the system is complete and operational. 

4. The equipment required for factory testing shall consist of, but is not 
limited to, control panels, MCCs, and/or miscellaneous electrical panels as 
provided under this contract. 

5. Two digital multimeters/signal generators (minimum +/- 0.1% accuracy) 
with clip-on leads shall be supplied and utilized during testing for 
measurement of digital and analog outputs. 

6. All factory tests shall be conducted at the System Integrator’s facility.  All 
factory tests shall be completed prior to shipment to the jobsite.  The 
equipment shall be fully assembled, and connected (and programmed) 
similar to as it will be installed.  
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7. The length of the factory testing shall be a minimum of one (1) working 
day(s) (8 hours per day).  

8. Faulty and/or incorrect hardware or software operation of major portions 
of the system may, at the discretion of the Engineer, be cause for 
suspension, cancellation, or restarting of the factory test, at no additional 
cost to the Owner or extension in Contract time. 

9. The factory test will be considered complete only when the integrated 
system has successfully passed all tests. No electrical equipment shall be 
shipped to jobsite without completed test documentation. 

10. During the testing period, under the supervision of the System Integrator, 
the Owner and/or Engineer shall have unlimited and unrestricted access to 
the usage and testing of system hardware, configuration, software, meters 
and tools.  

11. The System Integrator shall pay all expenses incurred by his personnel 
including labor, material, transportation, lodging, daily subsistence, and 
other associated incidental costs during the factory testing. 

12. Acceptance and witnessing of the factory tests does not relieve or exclude 
the Contractor from conforming to the requirements of the Contract 
Documents. 

13. Upon conclusion of factory testing, and at the request of the 
Owner/Engineer, the System integrator shall remove the PLC, OI, and 
communication equipment for Owner representative’s use and 
programming.  The System Integrator shall provide equipment to Owner 
representative immediately or ship unit within 2 working days to Owner 
Representative.  The System Integrator shall not be responsible for 
equipment while in Owners Representative’s care.   

14. All modifications to documentation as a result of the factory tests shall be 
corrected and completed before the submittal and delivery of "Operation 
and Maintenance" Manuals. 

15. Copies of the completed and witnessed factory testing forms shall be 
included in the Operation and Maintenance Manual. 

B. Factory Tests  

1. Structured Factory Tests:  The associated factory tests are to be performed 
by the System Integrator and witnessed by the Engineer.  The associated 
test forms shall be completed during each stage of the test.  

a. Visual and Mechanical Inspection Tests 
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b. Wiring Tests 

1) Contractor shall confirm correct panel wiring per System 
Integrator panel shop drawings.   Panel shop drawings shall 
be compared with Contract P&IDs and other drawings to 
verify all hardwire logic are accounted for.  Panel drawings 
used in factory tests shall be redlined and inserted into 
Factory Testing Results submittal. 

c. MCC and Control Panel Pre-Operational Tests  

d. Logic Controller I/O Point to Point Tests 

e. Simulated Alarm Tests  

1) Simulate the digital and/or analog signals at the terminals 
to verify that each PLC I/O point is functional and properly 
programmed. Verify that all parameters (i.e., setpoints, 
enable/disable toggle bits, timers, etc.) for the alarms 
operate according to the Specifications.  Multiple alarm 
states (i.e., LO, LO-LO, HI, HI-HI, etc.) shall be checked. 

f. Simulated Operational Control Tests 

1) Simulate the digital and/or analog signals at the field 
terminals to verify that each control system is functional 
and properly configured and programmed.   

2) Each line of control logic in the Control Strategies section 
shall be checked.   When the complete control strategy has 
been checked, it shall be signed and dated by testing person 
and person witnessing test. 

3) Verify that all parameters (i.e., setpoints, runtimers, 
totalization, etc.) operate according to the Specifications.   

2. Unstructured Factory Tests:  The various unstructured tests shall include, 
but are not limited to, the following.  

a. Simulate the equipment failure and power fail/restart of PLC. 
Check the effects of each failure on maintaining operations with 
the remaining equipment. 

b. The factory tests, as a minimum, shall simulate all normal and 
abnormal operating conditions including steady state, change of 
state, variable changes, fluctuations, transients, upsets, start-up, 
shutdown, power failure, and equipment failure conditions. 
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c. Simulation of PLC communication error. Demonstrate error 
detection, alarming, and recovery.   

d. Measure and test all power supplies for correct voltage.  Operate 
rechargeable devices under battery power to test run duration, 
alarms and automatic recovery. 

3.02 FIELD TESTING 

A. General Requirements 

1. Field testing is broken down into 4 components 

a. Pre-Energization testing 
b. Pre-Operational Testing 
c. Operational Testing 
d. Commissioning 

2. Project wide, all Pre-Energization testing must be completed prior to Pre-
Operational testing, all Pre-Operational testing must be completed prior to 
Operational Testing, and all Operational Testing must be completed prior 
to Commissioning.   

a. Any deviation of this order, whether on a component level or 
larger scale, must be approved by the Engineer. 

b. Out of order testing, if allowed, will be evaluated on a case-by-
case basis when brought to the attention of the engineer.  The 
engineer may require that the entire system, or portions thereof, be 
retested once the missing component(s) are installed and 
functional. 

3. All equipment supplied by the Contractor or others shall be tested by 
Contractor per these specifications. 

4. Two digital multimeters/signal generators (minimum +/- 0.1% accuracy) , 
AC current meters, torque wrench, and other specialized test equipment 
shall be provided by the Contractor for use during testing. 

5. If the equipment is determined by the Engineer to be not ready for testing, 
the test will be cancelled and rescheduled for a later date.   

6. Faulty and/or incorrect hardware or software operation of major portions 
of the system may, at the discretion of the Engineer, be cause for 
suspension, cancellation, or restarting of the area of testing, at no 
additional cost to the Owner or extension in Contract time. 
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7. During the Operational testing period, under the supervision of the System 
Integrator, the Owner and/or Engineer shall have unlimited and 
unrestricted access to the usage and testing of all hardware and software in 
the system.   

8. The System Integrator shall pay all expenses incurred by his personnel 
including labor, material, transportation, lodging, daily subsistence, and 
other associated incidental costs during field testing. 

9. Acceptance and witnessing of the tests does not relieve or exclude the 
Contractor from conforming to the requirements of the Contract 
Documents. 

10. All modifications to documentation as a result of the tests shall be 
corrected and completed before the delivery of "as-built” documentation. 

11. Copies of the completed and witnessed field testing forms shall be 
included in the Operation and Maintenance Manual. 

12. The various contractors on this project (General Contractor, Electrical 
Contractor, Testing Company, and System Integrator) shall assume the 
lead role in testing activities as listed below.  The Contractor shall obtain 
assistance of suppliers and/or manufacturers representatives for any major 
equipment testing. 

a. Electrical Contractor: 

1) Pre Energization Tests 
a) Visual Mechanical Tests 
b) Wire Insulation and Continuity Tests. 
c) Panelboard Tests 
d) Breaker Tests 

2) Operational Tests.  

3) Commissioning.  

b. System Integrator: 

1) Pre-Operational Tests 
a) Visual Mechanical Tests 
b) Control panel pre-operational test 
c) MCC pre-operational test 
d) Motor Tests. 
e) PLC I/O point to point tests. 
f) Instrumentation switch tests 
g) Instrumentation transmitter tests. 
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2) Operational Tests. 
3) Commissioning 

c. Testing Company 

1) Grounding System Tests 
2) Breaker Device Tests 

d. General Contractor 

1) Test Scheduling 
2) Operational Tests.  
3) Commissioning.  

e. Owner Representative (software systems) 

1) Operational Tests.  
2) Commissioning.  

B. Electrical Field Tests – The following test shall be performed within each test 
category.  Complete test forms for each electrical panel, instrument, and/or 
device. 

1. Pre-Energization Inspections and Tests: 

a. Visual and Mechanical Inspection Tests 
b. Wire Insulation and Continuity Tests 
c. Grounding System Tests 
d. Panelboard Tests 
e. Breaker Tests 

2. Pre-Operational Tests: 

a. MCC Pre-operational Tests: 
b. Control Panel Pre-operational Tests: 
c. Motor Testing: 
d. Harmonic Measurement: (Required for systems with VFDs) 
e. Instrumentation Switch Calibration Tests 
f. Instrument Transmitter Calibration Tests 
g. PLC I/O point tests. 
h. Communication Tests 

1) The Contractor shall verify that all communications via 
radio, telephone, wireline, fiber optic, or other are 
functional and ready for operational testing.  Revise all 
configurable parameters without additional cost to the 
Owner as required for an optimally functional system. 
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2) Verify that all components of the communication system 
operate together under all operating and power restart 
conditions.  If faults occur, investigate source of problem 
and correct.  Revise all configurable parameters without 
additional cost to the Owner. 

3) Change setpoints from SCADA and confirm that 
corresponding field setpoint changes correctly.  Check 
every I/O point on every screen, trend, and database. 

i. Pump Performance Tests  

3. Operational Tests: 

a. After all the previous tests in this subsection are complete, the 
Contractor shall conduct operational testing. 

b. Representatives from the General Contractor, Electrical 
Contractor, System Integrator, Engineer and Owner shall be 
present during testing.  Operational testing shall be performed by 
Contractor in the presence of the Engineer 

c. During operational testing the Contractor shall follow the 
instructions of the Owner.  The Owner may place restrictions on 
operation that must be followed by the Contractor during testing.  
Any accidents or fines caused by actions of the Contractor where 
warnings or restrictions were placed, shall be remedied or paid by 
the Contractor. 

d. Alarm Tests  

1) Generate the digital and/or analog signals at the primary 
device to verify that each PLC I/O point is functional and 
properly programmed. Verify that all parameters (i.e., 
setpoints, enable/disable toggle bits, timers, etc.) for the 
alarms operate according to the Specifications.  Multiple 
alarm states (i.e., LO, LO-LO, HI, HI-HI, etc.) shall be 
checked. 

e. Operational Control Tests 

1) Generate the digital and/or analog signals at the primary 
device by raising or lowering the actual measured process.  
Inject signal into the terminals or utilize a “force” function 
within the device only as necessary.  Verify that each 
control system is functional and properly configured and 
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programmed.   

2) Each line of control logic in the Control Strategies section 
shall be checked.   When the complete control strategy has 
been checked, it shall be signed and dated by testing person 
and person witnessing test. 

3) Verify that all parameters (i.e., setpoints, runtimers, 
totalization, etc.) operate according to the Specifications.   

4) Verify that all data, setpoints, alarms are being received at 
SCADA correctly and that all I/O points on screen are true 
and accurate representations of field information.   

f. Other Tests  

1) Force a power failure and power fail/restart of PLC and all 
other systems. Check the effects of each failure on each 
piece of equipment and automatic recovery. 

2) Force a PLC communication error. Demonstrate error 
detection, alarming, and recovery.   

3) Perform additional operational testing as determined by 
Engineer that has not already been witnessed. 

4) Perform any additional operational testing as necessary to 
confirm robust and error free operation under all 
operational conditions. 

4. Trial Period 

a. Station/Equipment shall be activated to automatically run for 5 
days, 24 hours per day Monday through Friday.   

b. During the five day period the Owner/Engineer will test all modes 
of operation and will look for errors and malfunctions.  A punchlist 
will be generated to be completed by Contractor and re-tested prior 
to Commissioning. 

c. If equipment failure occurs during the 5 days of operational 
testing, the Contractor shall repair or replace the defective 
equipment and shall begin another 5 day operational test, Monday 
through Friday.   

d. This test shall be repeated until all new equipment functions 
acceptably and without failure for 5 consecutive days. 
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C. Commissioning: 

1. Commissioning shall not commence until Operational testing and System 
Training are complete with documentation submitted and with prior 
approval of Engineer. 

2. The Owner may delay Commissioning for a period up to 30 days, during 
which time all testing documentation will be reviewed and preparation for 
operation will be made.  Costs for project delays during this review may 
not be forwarded on to the Owner. 

3. Commissioning period  

a. The new equipment shall be activated by the Contractor to operate 
in full automatic for 10 consecutive days, 24 hours per day.  
Commissioning shall only start on Mondays or Tuesdays. 

b. During Commissioning, the Owner will monitor and run the station 
in normal automatic mode.  If equipment failure occurs during 
Commissioning, the Contractor shall repair or replace the defective 
equipment and shall begin another commissioning period after 
repairs are complete.   

c. Parallel, existing and/or back-up systems shall remain in place and 
functional during commissioning period.  Demolition of parallel, 
existing or back-up systems shall not begin until commissioning is 
completed. 

d. This test shall be repeated until the new equipment functions 
acceptably for a consecutive commissioning period. 

e. Warranty will begin at the start of a successful commissioning 
period.  However, if major hardware failure occurs during 
commissioning, the warranty and commissioning will restart once 
the problem has been identified and repaired. 

D. Final Acceptance: 

1. The commissioning period must be completed with no failures identified. 

2. The system shall not be "final" accepted unless the system functions 
without hardware failures or software problems during the commissioning 
period to the satisfaction of the Engineer.  

3. Include all test results in the Operation and Maintenance Manual as a 
separate volume. 
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E. Warranty: 

1. The completion of the above tests does not relieve the Contractor from any 
warranties specified in Division 16 or other sections. 

2. Warranty shall begin on the start date of a successful Commissioning 
period.  
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SECTION 16600 

TEST FORMS 

Index of Forms:  

PC Power Conductor Test Form 

CC Control Conductor Test Form 

IC Instrumentation Conductor Test Form 

GS Grounding System Test Form 

VM Electrical Equipment Visual and Mechanical Inspection Form 

PB Panelboard Test Form 

MCO MCC Operational Test Form 

CPO Control Panel Operational Test Form 

BD Breaker Device Test Form 

MOTOR Motor Test Form 

IOP Programmable Logic Controller I/O Point-to-Point Test Form 

ISC Instrumentation Switch Calibration Test Form 

ITC Instrumentation Transmitter Calibration Test Form 

PPT Pump Performance Test Form 

 

 

-END OF SECTION- 

 
 



CONDUIT

#

NOTES:

WITNESSED BY:

SIGNATURE COMPANY

SIGNATURE COMPANY

CERTIFIED BY:

INSULATION TESTS

POWER CONDUCTOR TEST FORM

A CB

PROJECT NAME:

TESTING COMPANY:

EQUIPMENT #:

TEST LOCATION:

DATE OF TEST:

AB BC CA

PHASE TO GROUND PHASE TO PHASE

3) Megger insulation resistances of all 600 volt insulated conductors using a 500 volt megger for 10 seconds (30 seconds for motor 
leads). Make tests with circuits installed in conduit and isolated from source and load. Each conductor shall be meggered conductor-to-
conductor and conductor-to-ground. These tests shall be made on cable after installation with all splices made up and terminations 
installed but not connected to the equipment.

2) Disconnect both ends of wiring prior to megger tests.

1) Use single form for up to 25 power conduits.  Use additional forms as necessary.

DATE

DATE

5) Values of different phases of conductors in the same conduit run showing substantially different Meg-ohm values, even if showing 
above 22 Meg-ohms shall be replaced.

4) Each megger reading shall not be less than 22 Meg-ohms resistive. Corrective action shall be taken if values are recorded less than 
10 Meg-ohms. Conductors with low ohm values, that do not match similar lengths of conductors the same size, shall be replaced at no 
additional cost to the Owner.
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COND. COND. TO

# OF # GROUND

1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x
1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x
1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x
1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x

1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x
1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x x
1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x x x

1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x x x x

1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x x x x x

1 TO # 2 TO # 3 TO # 4 TO # 5 TO # 6 TO # 7 TO # 8 TO # 9 TO # 10 TO #

x x x x x x x x x x

NOTES:

5) Values of different phases of conductors in the same conduit run showing substantially different Meg-ohm values, even if showing 
above 22 Meg-ohms shall be replaced.

1) Use single form for each conduit.

2) Disconnect both ends of wiring prior to megger tests.

3) Megger insulation resistances of all 600 volt insulated conductors using a 500 volt megger for 10 seconds. Make tests with circuits 
installed in conduit and isolated from source and load. Each conductor shall be meggered conductor-to-conductor and conductor-to-
ground. These tests shall be made on cable after installation with all splices made up and terminations installed but not connected to the 
equipment.

4) Each megger reading shall not be less than 22 Meg-ohms resistive. Corrective action shall be taken if values are recorded less than 10 
Meg-ohms. Conductors with low ohm values, that do not match similar lengths of conductors the same size, shall be replaced at no 
additional cost to the Owner.

SIGNATURE COMPANY DATE

WITNESSED BY:

CERTIFIED BY:

SIGNATURE COMPANY

CONDUCTOR TO CONDUCTOR

DATE

CONTROL CONDUCTOR TEST FORM

8

9

10

INSULATION TESTS

4

5

PROJECT NAME:

TESTING COMPANY:

DATE OF TEST:

TEST LOCATION:

1

2

3

7

6
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NOTES:

4) Continuity Tests: Each instrumentation conductor twisted shielded pair shall have the conductor and shield continuity

measured with an ohmmeter. Conductors with high ohm values, that do not match similar lengths of conductors the same size,

shall be replaced at no additional cost to the Owner.

2) Megger insulation resistances of all 600 volt insulated conductors using a 500 volt megger for ten seconds. Make tests with

circuits installed in conduit and isolated from source and load. Each conductor shall be meggered conductor-to-conductor and

conductor-to-ground. These tests shall be made on cable after installation with all splices made up and terminators installed

but not connected to the equipment.

replaced at no additional cost to the Owner.

3) Each megger reading shall not be less than 10 Meg-ohms resistive. Corrective action shall be taken if values are recorded less

than 10 Meg-ohms. Conductors with low ohm values, that do not match similar lengths of conductors the same size, shall be

1) Disconnect both ends of wiring prior to megger tests.

WITNESSED BY:

SIGNATURE COMPANY DATE

INSTRUMENTATION CONDUCTOR TEST FORM

CERTIFIED BY:

SIGNATURE COMPANY DATE

INSULATION TESTSCONTINUITY TESTS

PROJECT NAME:

TESTING COMPANY:

CONDUIT NUMBER:

CONDUCTOR TO SHIELD TO

GROUND

DATE OF TEST:

TEST LOCATION:

EQUIPMENT #:

CONDUCTOR PAIR

# OF #

CONDUCTOR TO

SHIELD

CONDUCTOR TO

CONDUCTOR CONDUCTOR
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circle one WET DRY MOIST DAYS SINCE LAST RAIN # OVER 7

TEST ROD LOCATION RELATIVE TO SYSTEM GROUND UNDER TEST (DISTANCE AND DIRECTION) 

RESIST.

OHMS

DIST. RESIST. 1.00

20 0.90

30 0.80

40 0.70

50 0.60

60 0.50

70 0.40

80 0.30

90 0.20

0.10

0.00

0 10 20 30 40 50 60 70 80 90 100

NOTES:

3) Perform the test not less than two days after the most recent rainfall and in the afternoon after any ground condensation (dew) has 
evaporated.

2) Verify ground system is in compliance with drawings and specifications.

VOLTAGE PROBE

GROUNDING SYSTEM TEST FORM

PROJECT NAME: DATE OF TEST:

GRAPH OF MEASURED RESISTANCE VS. DISTANCE FROM TEST PROBE

FALL OF POTENTIAL TEST
MEASURED 

TECHNICIAN: TEST LOCATION:

WITNESSED BY:

CERTIFIED BY:

COMMENTS:

DISTANCE (FT)

DATE

SIGNATURE

SIGNATURE

COMPANY

COMPANY

8) Perform point-to-point tests to verify low resistance between the main grounding system and all electrical equipment connected to the 
grounding system.  Purpose is to check Cad-Weld connections and continuity point to point.

4) Investigate point-to-point resistance values which exceed 1.0 ohm.  Correct (by adding additional grounding systems as necessary) and re-
test.  Consult design engineer if for direction on additional grounding materials and methods.

7) Measurements shall be made at 10 feet intervals beginning 20 feet from the test electrode and ending 80 feet from it in a direct line between 
the system being tested and the test electrode.  Plot resistance readings on graphical chart above.

DATE

TEST LOCATION:TESTING COMPANY:

EQUIPMENT NAME:

SOIL CONDITION:

1) Use ground resistance test meter and perform separate ground test for each building or independently derived grounding system.

6) Perform fall-of-potential test in accordance with IEEE Standard 81 and NETA 7.13 on the main grounding electrode or system.  Install test 
electrodes a minimum of 100 feet from system under test.

5) Connect all ground electrodes and/or UFER ground together and perform fall of potential test.
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 MODEL #: U.L. #:

PHASE:

SERVICE:

SERIES #:

CHECK

NOTES:

 CHECK IF DRAWINGS MATCH EQUIPMENT

 CHECK BUS BRACING AND CLEARANCE

1) Complete checklist above.  Note any items that were found out of compliance.

 VERIFY EQUIPMENT GROUNDS

 CHECK HEATERS AND THERMOSTATS

 CHECK VENTILATION AND FILTERS

 VERIFY ALL BREAKERS AND FUSES ARE RATED PROPERLY

 VERIFY ALL NAMEPLATES

 INSPECT FOR BROKEN OR DAMAGED EQUIPMENT

 INSPECT ALIGNMENT OF PANEL AND DOOR

 VERIFY ANCHORAGE IS PER SPECS AND/OR CALCS

 VERIFY REMOVAL OF ALL DEBRIS AND DUST

 VERIFY CONDUIT GROUNDS AND BUSHINGS

 CHECK NEUTRAL BUS AND CONNECTIONS 

ENTER A-ACCEPTABLE R-NEEDS REPAIR OR REPLACEMENT NA-NOT APPLICABLE

NOTES

 VERTICAL BUS:

 GROUND BUS:

 BUS TYPE:

NEUTRAL BUS:

BUS BRACING:

ENCLOSURE:

PROJECT NAME:

TESTING COMPANY:

EQUIPMENT NAME:

NAMEPLATE DATA (complete as applicable)

DATE OF TEST:

TEST LOCATION:

EQUIPMENT #:

 VOLTAGE:

 BUS AMPERAGE:

 MANUFACTURE:

ELECTRICAL EQUIPMENT
VISUAL AND MECHANICAL INSPECTION FORM

HORIZONTAL BUS:

CERTIFIED BY:

SIGNATURE COMPANY

 CHECK ACCURACY OF OPERATION & MAINTENANCE

DATE

2) Torque all electrical connections to values defined by equipment manufacturer or per NEC 110-14.

WITNESSED BY:

SIGNATURE COMPANY DATE

 CHECK FOR PROPER CLEARANCES AND WORKING SPACE

PHYSICAL INSPECTION CHECKLIST

ITEM

 INSPECT ALL PAINT SURFACES

 CHECK FOR PROPER WIRE COLOR CODES

 VERIFY WIRE LABELS ARE INSTALLED

 VERIFY ALL WIRE TERMINATIONS

 CHECK FOR PROPER WIRE SIZES

 CHECK NON-ELECTRICAL FASTENERS FOR TIGHTNESS

 TORQUE TEST ALL WIRING AND BUS CONNECTIONS

 CHECK MAIN GROUNDING CONNECTION AND SIZE

 VERIFY GROUND BUS BONDING
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 UL #:

 MAIN BREAKER RATING: MODEL #:

 PHASE:

 VERTICAL BUS RATING:

 NEUTRAL BUS RATING:

 GROUND BUS RATING:

 ENTRY LOCATION: SERIES:

CHECK

NOTES:

 VERIFY ALL WIRE TERMINATIONS

 VERIFY PANEL SCHEDULE WITH TERMINATIONS

 VERIFY PROPER WIRE SIZE

 CHECK NEUTRAL BUS AND CONNECTIONS 

 INSPECT FOR BROKEN OR DAMAGED EQUIPMENT

 INSPECT ALIGNMENT OF PANEL AND DOOR

 VERIFY ANCHORAGE

 VERIFY CIRCUIT BREAKER LEGEND PER CONTRACT

 INSPECT ALL PAINT SURFACES

 VERIFY WIRE LABELS ARE INSTALLED

 CHECK MAIN GROUNDING CONNECTION AND SIZE

 VERIFY GROUND BUS BONDING

 VERIFY EQUIPMENT GROUNDS

 VERIFY CONDUIT GROUNDS AND BUSHINGS

DATE

WITNESSED BY:

SIGNATURE COMPANY DATE

SIGNATURE COMPANY

CERTIFIED BY:

PANEL BOARD TEST FORM

PROJECT NAME:

TESTING COMPANY:

PANEL NAME:

PANELBOARD NAMEPLATE DATA

DATE OF TEST:

TEST LOCATION:

PANEL TAG #:

BUS AMPERAGE:

BUS TYPE:

ENCLOSURE:

VOLTAGE:

MANUFACTURE:

PHYSICAL INSPECTION CHECKLIST
NOTESITEM

 TIGHTEN ALL BOLTS AND SCREWS

 VERIFY ALL BREAKERS AND FUSES ARE RATED PROPERLY

 TIGHTEN ALL WIRING AND BUS CONNECTIONS

 CHECK BUS BRACING AND CLEARANCE

1) Complete checklist above by entering a checkmark for acceptable, R for needs repair or attention

 VERIFY REMOVAL OF ALL DEBRIS AND DUST
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MCC NAME:

MCC TYPE:

PUSHBUTTON

EQUIPMENT EQUIPMENT CONTROL TIME RELAY METERING & OVERLOAD INTERLOCKS ALARM CONTROL LOCKOUT & METERING

NAME TAG # CUBICLE # SWITCH SETTINGS INDICATIONS RESET & CONTROL & STATUS SWITCH STOP INDICATIONS

DATE OF TEST:

TEST LOCATION:

MCC MANUFACTURE

MOTOR CONTROL PRE-OPERATIONAL TEST FORM

NOTES:

MCC LOCATION:

PROJECT NAME:

TESTING COMPANY:

1) Verify equipment powers up and operates correctly in hand.

2) Perform trip functions and verify equipment returns to normal operation with only necessary operator intervention.

3) Enter data for each piece of equipment being served from MCC or Control Panel.

4) Enter NA - for non applicable entries.

REMOTE DEVICE

CHECKS AND TESTSLOCAL DEVICE CHECKS AND TESTS

SIGNATURE COMPANY DATE

WITNESSED BY:

SIGNATURE COMPANY DATE

CERTIFIED BY:
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CATEGORY EQUIPMENT CONTROL OPERATOR PANEL PANEL PANEL PLC POWER I/O

TAG # SWITCHES INTERFACE METERS LIGHTS NAMEPLATES SUPPLY CARDS

Height

Voltage

Function

CATEGORY EQUIPMENT POWER POWER POWER UPS PANEL

TAG # SUPPLY 1 (V) SUPPLY 2 (V) SUPPLY 3 (V) LIGHTS

Function

Voltage

NOTES:

Attention Requied:

CERTIFIED BY:

WITNESSED BY:

PROJECT NAME:

CONTROL PANEL TAG #:

CONTROL PANEL TYPE:

DEVICE CHECKS AND TEST

2) Verify equipment powers up and operates correctly.

CONTROL PANEL MANUFACTURER:

CONTROL PANEL NAME:

3) Perform trip functions and verify equipment returns to normal operation with only necessary operator intervention.

4) Complete checklist above by entering a checkmark (CM) for acceptable, or R for needs repair or attention, or NA for not applicable

1) Set configurable parameters and verify voltage input prior to applying power.

COMPANYSIGNATURE

COMPANY DATE

DATE

SIGNATURE

CONTROL PANEL PRE-OPERATIONAL TEST FORM

TESTING COMPANY:

DATE OF TEST:

TEST LOCATION:
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 PART #: CURVE:

RATING:

values.

CERTIFIED BY:

WITNESSED BY:

DATE

DATE

SIGNATURE

SIGNATURE COMPANY

COMPANY

smooth operation. Inspect case for cracks or other defects. Check tightness of connection with torque wrench in accordance

NOTES:

 GROUND FLT.

ADDITIONAL TESTS AND SETTING AS APPLICABLE

PICK UP DELAY-TIME

 FUNCTION RANGE SETTINGRANGE SETTING

TRIP TIME IN SECONDS @ 300% AMPS AMPS

PHASE A PHASE B PHASE C PHASE A PHASE B PHASE C

CURRENT TESTS INSTANTANEOUS CURRENT TRIP TESTS

EQUIPMENT INFORMATION

BREAKER DEVICE TEST FORM

CHARACTER:

LOCATION:

DATE OF TEST:

TEST LOCATION:

PANEL TAG #:

 EQUIPMENT NAME:

PROJECT NAME:

TESTING COMPANY:

PANEL NAME:

PANEL TYPE:

EQUIPMENT H.P.:

EQUIPMENT KVA:

BREAKER INFORMATION

PHASE A PHASE B PHASE C A-GND B-GND C-GND

BREAKER RATING/ RANGE:

BREAKER TESTS

 EQUIPMENT TAG#:

 MANUFACTURE: VOLTAGE:

INTERRUPT:

CONTACT RESISTANCE TESTS - OHMS INSULATION RESISTANCE TESTS - MEGOHMS

 MFGR INST. PICKUP AMPS:

FINAL BREAKER SETTING:

 MFGR TRIP TIME @300% MIN:

 MFGR TRIP TIME @300% MAX:

1) All breakers shall be checked for proper mounting, conductor size, and feeder designation. Operate circuit breaker to ensure

 LONG TIME

 SHORT TIME

with manufacturer's recommendations.

tests shall be performed bypassing 300% rated current through each pole separately. Trip time shall be noted. 

Instantaneous pickup current shall be determined by run up or pulse method. Clearing times should be within 4 cycles or less.

At end of test the thermal breakers shall be set by Contractor.

2) Thermal magnetic breakers, 100 amps and above, shall be test pet NETA specification 7.6.1.1. Time current characteristic 

shall be reported to Engineer. Insulation resistance shall be measured and shall not be less than 50 megaohms. All trip times

shall fall within NETA Table values. Instantaneous pickup current levels should be within 20% of manufacturer's published

3) Magnetic breakers (MCP), regardless of amperage rating, shall be tested. Instantaneous pickup current shall be determined by

run up or pulse method. Clearing time should be within 4 cycles or less. At end of test the breaker trip setting shall be set by 

Contractor based on the motor locked rotor current.

4) Contact resistance shall be measured and be compared to adjacent poles and similar breaker. Deviations of more than 50% 

 FRAME #:
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 MFG:  PHASE:  TYPE:  P.F:  S.F:  NEMA:

 VOLTS:  HP:  DUTY:  RPM:  CODE:  DESIGN:

 FREQ:  FLA:  MODEL:  FRAME #:

 A: / B: / C: /

(AMPS) (AMPS)

(YES/NO)

(HERTZ) AB BC CA

 AB: V  A: A

 BC: V  B: A KW

 CA: V  C: A HP

% %IMBALANCE:IMBALANCE:

4) Verify that pump/shaft seals are lubricated and that automated lubrication systems are functional.

3) Perform DC overpotential tests on motors rated 1000 HP and 4000 volts or greater in accordance with ANSI/IEEE Standard 95.

8) Measure running current and evaluate relative to load conditions and nameplate full-load amperes.

10) Vibration tests shall be conducted when ordered by the Engineer in cases of discernible abnormal vibration. Vibration shall not exceed 0.05 
in./sec.  Make necessary corrections to reduce vibration below limit at all operational speeds and loads.

1) Perform coil resistance measurements on motor leads with a low-resistance ohmmeter.  Note measurements.

 COIL RESISTANCE:

SERIAL #:

PROJECT NAME:

TESTING COMPANY:

MOTOR NAME:

HORSEPOWER:

MOTOR TAG:

DATE OF TEST:

TEST LOCATION:

 POWER FACTOR:

 POWER DRAW:

INSULATION RESISTANCE TEST PHASE-TO-GROUND/PHASE-TO-PHASE

MOTOR TEST FORM

VOLTAGE (VOLTS) AMPERAGE (AMPS) POWER

 MOTOR OVERLOAD SETTING:

 OVERLOAD RESET TEST:

PHYSICAL MOTOR TESTS - ACTUAL MEASURED VALUES

MOTOR NAMEPLATE DATA

NOTES:

 ROTATION (CW/CCW):

CONTROL SETTINGS AND TESTS

CERTIFIED BY:

5) Verify that motor protection/monitoring circuits are installed and connected per contract drawings and manufacturer requirements.

2) Perform insulation-resistance test utilizing 500 volt megger and/or accordance with manufacturer's published testing procedures. Motors 200 
HP and more test duration 10 minutes, 200 HP and less test duration 1 minute.

6) Verify that the motor space heater is functional.

 MOTOR HEATER MEASURED AMPS:

 MOTOR THERMAL TRIP TEST:

 MINIMUM SPEED (IF VFD):

SIGNATURE COMPANY

7) Perform a rotation test to insure correct shaft direction by "bumping" motor.  Reverse as necessary in appropriate place.  Phase taping must 
remain in order on terminals left-to-right once completed.

DATE

9) Record the voltage and current on all phases while operating under full-load. If voltage or current imbalance is above 2 percent, or if current 
is above nameplate FLA or expected level, investigate cause and report on findings.   Calculate imbalance by dividing (high minus low 
measurement) by the average measurement of all 3 phases.

COMMENTS:

WITNESSED BY:

SIGNATURE COMPANY DATE

Frisch Engineering, Inc. MOTOR Frischengineering.com



TESTING COMPANY:

TECHNICIAN

TIME VOLT AMPS THD(V) THD(A) 5TH 7TH 11TH 13TH 15TH
PUMP 1 
SPEED

PUMP 2 
SPEED

PUMP 3 
SPEED

0 0 0

70 0 0

90 0 0

100 0 0

70 70 0

90 90 0

100 100 0

70 70 70

90 90 90

100 100 100

RUNNING CONDITION

4) Expand this chart for pump stations/systems with more than 3 VFD pumps.

5) All harmonic conditioning equipment shall be on-line and operate other non-VFD loads as normal during test.

MEASURED HARMONIC VOLTAGE VALUES

WITNESSED BY:

SIGNATURE COMPANY DATE

SIGNATURE COMPANY DATE

HARMONIC MEASUREMENT TEST FORM

NOTES:

CERTIFIED BY:

1) Measure the harmonics with a harmonic analyzer with each combination of pumps shown or as designated by Engineer at start-up in 
operation on the Utility source.  Repeat test on generator (if applicable).

2) Use multiple forms and/or attach printouts of harmonic analyzer machine.  

COMMENTS:

EQUIPMENT NAME:

PROJECT NAME: DATE OF TEST:

TEST LOCATION:

POINT OF MEASUREMENT:

(If available, take measurements on primary side of main breaker, otherwise, on secondary side of main breaker.)

Frisch Engineering, Inc. HM Frischengineering.com



RACK # SLOT # I/O TYPE

Digital Operator SCADA Pass/Fail

I/O # TAG # @4mA @20mA Units On/Off Interface Screen CM or R

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

Attention Requied:

3) Verify function and accuracy of loop by by switching the digital signal or modulating the analog signal from the device. 

NOTES:

1) Connect signal generator to each I/O point for factory testing.

2) Utilize connected to device to generate signals for field pre-operational tests.

I/O POINT

5) Include significant digits past decimal in scale columns

Description

Scale

6) Complete checklist above by entering a checkmark (CM) for acceptable, or R for needs repair or attention

7) Note items that need attention below

DATE OF TEST:

TEST LOCATION:

PROJECT NAME:

TESTING CO:

PANEL NAME:

PLC NAME:

PANEL TAG #:

PROGRAMMABLE LOGIC CONTROLLER I/O POINT-TO-POINT TEST FORM

SIGNATURE COMPANY DATE

4) Field verify all instruments and indicators within loop of signal.

4) Confirm polarity of signals and calibration ranges are equivalent for all components in loop.

WITNESSED BY:

SIGNATURE COMPANY DATE

CERTIFIED BY:

Frisch Engineering, Inc. IOP Frischengineering.com



INTRUMENT UNITS: NAME:

TYPE: MODEL:

SERIAL #:

 NAME:  UNITS:

 TYPE:

 MODEL:

 SERIAL #:

WITNESSED BY:

NOTES:

CERTIFIED BY:

1) Include mounting elevations for level instruments.

SIGNATURE COMPANY DATE

DELAY

COMPANY DATESIGNATURE

PROCESS

INSTRUMENTATION SWITCH CALIBRATION TESTS FORM

DEADBAND TIME DELAY

SETPOINT ACTUAL TIMEINCREASING

TRIP POINT

DECREASING

TRIP POINT

PROJECT NAME:

TESTING COMPANY:

INSTRUMENT NAME:

DATE OF TEST:

TEST LOCATION:

INSTRUMENT TAG#:

SETPOINT

INSTRUMENTMANUFACTURER

Frisch Engineering, Inc. ISC Frischengineering.com



 NAME:  RANGE:

 TYPE:  SCALE:

 MODEL:  UNITS:

 SERIAL #:

 (If Applicable)

ENG PROCESS LOGIC

OUTPUT VALUE INDICATOR VALUE

NOTES:

INSTRUMENTINSTRUMENT

WITNESSED BY:

CERTIFIED BY:

2) Provide separate form for each instrument.

3) Field test and calibrate all control systems and instrumentation in accordance with the specifications and the manufacturer's 
instructions.  Instrumenatation shall meet specified accuracy or shall be repaired / replaced.

4) Provide parameter value for each parameter changed from factory default.

DATE

DATESIGNATURE COMPANY

SIGNATURE COMPANY

DESIGNED VALUE
INPUT

 REMOTE SENSOR TYPE:

CALCULATED

INSTRUMENTATION TRANSMITTER CALIBRATION TEST FROM 

PROJECT NAME:

TESTING COMPANY:

INSTRUMENT NAME:

DATE OF TEST:

 TRANSMITTER OUTPUT:

INSTRUMENT TAG#:

TEST LOCATION:

MANUFACTURER INSTRUMENT

 FACTORY SPECIFIED ACCURACY:

DISPLAY

 REMOTE SENSOR OUTPUT:

1) Attach factory calibration forms for all flowmeters.

 (If Applicable)

ACTUAL VALUE

OUTPUT SIGNALTOLERANCESSIGNAL

Frisch Engineering, Inc. ITC Frischengineering.com



FRAME VOLTS AMPS RPM HP

 SUCT:  SUCT:  TYPE:

 DATE:  DATE:

EL DIFF.

PRESS GAGE FRICT. TDH IN

TEST FLOW PSG/ FEET OF PSIG/ IN FEET OF DIFF FT CENT. HEAD FT FT H20 H20 WATT

POINT GPM IN HG H20 HG H20 H20 (1-2) FT (3) H20 (4) 2-1  +3+5 HP (7) MTR KW

1

2

3

4

5

6

7

8

9

% EFF

TEST PWR ELEC (7/8)

POINT VOLTS AMPS FACTOR HP (8) *100 MTR ERG MIDFT

1

2

3

4

5

6

7

8

9

 IMPELLER DIAMETER:

 IMPELLER PATTERN:

NOTES: 1) Complete 1 form for each pump

 PUMP SIZE:

PUMP BRGS

 PUMP SERIAL NUMBER:

POWER MEASUREMENTS TEMPERATURE READINGS

SUCT HEAD (1) DISC HEAD (2) PWR MEASURE

PUMP DATA: PUMP MODEL:

 CL OF SUCT PIPE:

 CL SUCT GAGE:

DISC GAGE RANGE AND ACCURACY:

SUCT GAGE RANGE AND ACCURACY:

TDH NPSH%EFF SPGR

TYPE

MOTOR NAMEPLATE DATA

LIST VALVES, PIPE CHANGES ETC BETWEEN PUMP AND GAGES:

 CL DISC GAGE:

 DIMM TO DATIUM:

MAKE SERIAL NO.

 ACCURACY:

FLOW METERPIPE LENGTH GAGE TO PUMPPIPE SIZE

GUARANTEED PUMP CONDITIONS

PPM GPM

PUMP PERFORMANCE TEST FORM

TEST NUMBER:

PUMP EQUIPMENT #:

AMBIENT TEMP:

DATE OF TEST:

WATER TEMP:

CERTIFIED BY:

SIGNATURE COMPANY DATE

WITNESSED BY:

SIGNATURE COMPANY DATE

Frisch Engineering, Inc. PPT Frischengineering.com
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SECTION 16905 - CONTROL PANEL 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. Provide and install Control Panel on concrete pad per drawings. 

B. Provide complete wired, programmed panel with all devices installed per the 
contract drawings and as stated herein. 

C. Provide all necessary hardware, conduit, wiring, fittings, and devices to connect 
the control panel to equipment provided under other Sections. 

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical. 

B. Section 16120 – Wire, Fuses and Terminal Blocks 

C. Section 16910 – PLC & OI Hardware and Firmware 

D. Section 16915 – PLC & OI Application Programming 

E. Section 16940 – Instrumentation 

1.03 SUBMITTAL REQUIREMENTS 

A. Provide submittals and drawings as specified in Section 16010 - Electrical, 
Submittal Requirements. 

B. Submit shop construction drawings for the Control Panel.  The following 
drawings shall be provided as a minimum: 

1. Scaled drawings of the Control panel elevation, baseplan.  The dimensions 
and locations of the cutouts shall be dimensioned from the bottom left 
corner of the door(s). 

2. Scaled drawings of the backpan including all mounted components and 
wireways. 

3. Wiring diagrams for AC and DC power distribution, I/O for each card in 
the PLC and communications block diagrams. 

PART 2: PRODUCTS 

2.01 POWER SUPPLIES 
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A. Uninterruptible Power Supply (UPS) 

1. The UPS shall be installed within the control panel and power all process 
related 120 VAC devices and DC power supplies. 

2. The UPS capacity/size shall be as shown in the contract drawings.  The 
battery capacity shall be such that it may provide nameplate power for 10 
minutes (min) from a fully charged battery(s). 

3. The UPS shall provide surge protection and filtering: 0.3% IEEE surge let-
through, zero clamping response time to meet UL 1449.  The inverter shall 
provide true sine wave output. 

4. When the Utility power voltage is outside of a preset range (approx. <100 
< V < 130 VAC) then the UPS shall power the load from storage batteries 
and a solid state inverter. 

5. The power supply shall be wired into the control panel power circuit per 
the contract drawings.   

6. The UPS operating ambient temperature range shall be 32 deg F to 122 
deg F minimum. 

7. The inverter shall be self resetting and continuously on-line regardless of 
the Utility power existence.  Configure the UPS to restart automatically 
upon restart of utility power without operator intervention.  The 
rectifier/charger shall recharge and maintain float charge on the batteries 
automatically. 

8. The UPS shall have status "UPS ON-LINE" and "UPS LOW BATTERY" 
dry contacts for monitoring as required per contract drawings.  Provide 
isolation relays and UPS accessory card as necessary for interface. 

9. The UPS shall be of a readily available commercial manufacturer.  
Provide American Power Conversion Smart UPS, MGE Pulsar Evolution 
or approved equal. 

B. DC Power Supply (PS) 

1. The DC power supply shall utilize a switching power stage, rectifier and 
voltage regulator.  The power supply case shall be DIN rail mountable. 

2. The power supply shall operate on 120V AC and provide DC output 
voltage and current as shown in the Contract drawings.   

3. The power supply shall be wired and fused per manufacturer instructions 
and Contract drawings.  Power supply output shall include self resetting 
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overcurrent protection. 

4. The power supply shall provide 2% voltage regulation for a change of 
10% load to 100% full load. 

5. The DC power supply shall be IDEC PS5R Series, Phoenix Contact Quint 
Power, Genesis Automation GDA, or approved equal. 

2.02 MISCELLANEOUS COMPONENTS 

A. Circuit Breaker:  The disconnecting circuit breaker shall be din rail mounted with 
finger safe pressure plate terminals.  Provide Allen Bradley 1489-CB or approved 
equal. 

B. Intrusion Switch:  The intrusion switch shall have a pin plunger that is depressed 
when the door is closed.  The form C contacts shall be rated 2A at 120 VAC.  
Provide Hoffman A-LFSWD, Microswitch 1AC2 or approved equal. 

C. Fluorescent Light:  The fluorescent light shall be an “under cabinet” style with a 
single bulb and acrylic diffuser.  Lamp shall be switched on/off with an integral 
door activated pin switch.  Fluorescent Light shall be Hoffman A-LF series of 
length shown on Contract drawings, or approved equal. 

D. Circulation Fans:  The control panel temperature shall be maintained 10 deg. F 
below lowest internal device’s temperature rating.  The fans shall be 4” (min), 
100 CFM, unless otherwise noted on Contract drawings.  The Contractor shall 
calculate the heat generation of all internal components and determine if the fans 
submitted will meet the cooling requirements of the internal components.  
Circulation fans shall be Dayton (Grainger #4C549) with wire guard (or louver 
with filter as required), Genesis Automation KRYOS GVK1000, or approved 
equal. 

E. Forced Air Heater:  The control panel temperature shall be kept above 50 deg. F 
through the use of a resistive forced air heater when the panel is located outdoors.  
The heater shall contain a fan, heating elements, and thermostat within a single 
self contained unit.  The wattage of the heater shall be as calculated by the 
supplier using the manufacturers sizing method to meet the temperature 
requirements.  The heater shall be Hoffman D-AH series, Genesis Automation 
Cirrus 80, or approved equal. 

F. Thermostats:  The air circulation fans shall be controlled by adjustable thermostat.  
The thermostat shall be mounted near the top of the panel and easily accessible by 
a technician.  The thermostat shall be capable of control of a heater or cooling 
fan(s) by selecting the proper contact logic.   The thermostat range shall be 
adjustable from 30 to 140 deg F.  Thermostat shall be Hoffman A-TEMxx, 
Genesis FGTxxx or dual heat/cool version Genesis Automation ZR011 as 
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required for application or approved equal. 

G. Wireway:  Manufactured from light gray rigid PVC suitable for continuous use at 
temperatures up to 50 deg C.  Wireway shall be 2” height, width as required with 
0.5” slot spacing with removable covers.  Provide Panduit type “F” or approved 
equal. 

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. All work in this Section shall conform to the codes and standards specified in 
Section 16010 - Electrical. 

B. Ensure that all components fit within the panel, on the backpan or door, with 
proper clearances per manufacturer’s instructions. 

C. Perform work to remedy non-compliant installations after inspection. 

D. The Engineer reserves the right to halt any work that is found to be substandard or 
being installed by unqualified personnel. 

3.02 INSTALLATION 

A. Equipment Mounting: 

1. Mount all equipment using manufacturers mounting tabs/holes where 
possible.  Where not possible, construct custom brackets to panel mount or 
backpan mount components as shown in the Contract drawings.   

2. Equipment or laptop shelves shall be provided where shown on the 
Contract drawings.  Equipment shown on shelves shall not be placed on 
the bottom of the panel after field installation. 

3. All nuts, bolts, screws, washers and hinges used in the panel shall be 
stainless steel.  All components shall be mounted using bolts or screw 
fasteners only which are drilled and tapped into the backpan.  Pop rivets 
shall not be allowed within panel except for enclosure support arms. 

B. Wiring: 

1. Install all products per 16010 - Electrical, Installation. 

2. All field wires and panel wires shall be per section 160120 – Wire, Fuses 
& Terminal Blocks. 

3. Panel Wiring:  All wiring shall be installed in wireways between terminal 
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blocks, PLC and devices.  Reference Contract drawings for Control panel 
power distribution diagram and control panel elementary diagrams. 

4. Field Wiring:  Wireways shall be provided for field wiring.  Reference 
Contract drawings for Control panel power distribution diagram and 
control panel elementary diagrams 

C. Cleaning: 

1. The Contractor shall clean the inside of the control panel of any dust or 
debris remaining at the completion of installation and testing.  The 
Contractor shall exercise care when using a vacuum cleaner or compressed 
air such as not to permanently damage any component within the panel. 

3.03 OPERATING AND MAINTENANCE INSTRUCTIONS 

A. Provide operating instructions as specified in Section 16010 - Electrical, 
Operation and Maintenance Instructions. 

3.04 FIELD ASSISTANCE 

A. Provide testing as specified in Section 16600 – Factory and Field Testing. 

3.05 WARRANTY  

A. Provide warranty as specified in Section 16010- Electrical, Warranty. 

-END OF SECTION- 
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SECTION 16910 - PLC AND OI HARDWARE 
 

 
PART 1: GENERAL 
 
1.01 SECTION INCLUDES 

A. Providing and installing Programmable Logic Controller (PLC) and Operator 
Interface Hardware and all supporting hardware, wiring and devices as specified 
in division 16.  

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 
B. Section 16120 – Wire, Fuses and Terminal Blocks 
C. Section 16915 – PLC and OI Application Programming 

1.03 PROJECT SUBMITTALS 

A. Provide submittals per Section 16010. 

B. Submit documentation showing the number and type of I/O modules required to 
meet the I/O requirements specified herein.  Include complete manufacturer's part 
and model numbers. 

1. PLC I/O points are determined by the P&ID drawings.  The Contractor 
shall count and total the PLC I/O points per PLC controller and per type of 
I/O required based on the P&ID diagrams.  Provide 25% spare I/O points 
per I/O type per PLC. 

C. Submit shop drawings showing physical backpan layout of equipment in Control 
Panel.   

D. Submit PLC communications block diagram showing I/O module order and slot 
location. 

1.04 OPERATION AND MAINTENANCE DATA 

A. Submit hardware Operations and Maintenance Manual per Section 16010. 

B. Submit original Operations and Maintenance Manuals for PLC hardware, no 
copies. 

1.05 CONTRACT CLOSEOUT SUBMITTALS 

A. Provide manufacturer's warranty certificates for items supplied. 
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B. Submit original manufacturer's operations and maintenance manuals, no copies. 

C. Provide training and manuals per section 16010 OPERATING AND 
MAINTENANCE INSTRUCTIONS. 

1.06 PROJECT/SITE CONDITIONS 

A. Project / site conditions are as specified in Section 16010 Electrical, JOB 
CONDITIONS. 

PART 2: PRODUCTS 

2.01 GENERAL 

A. Provide a Tesco L2000 based PLC system with I/O modules and full size operator 
interface. No equals are allowed for PLC and OI components since they are 
required to match Sacramento Suburban Water District standards 

PART 3: EXECUTION 

3.01 FABRICATION 

A. Mount, wire and Ground PLC and OI per manufacturer’s recommendations. 
B. Organize equipment on control panel backpan per Backpan Layout detail in 

Contract drawings. 
C. Locate and install PLC(s) and OI(s) per Contract drawings. 

3.02 WIRING 

A. Terminate status, control and analog wiring on terminal blocks. 
B. Label and wire PLC to terminal blocks per Section 16020-Wire, Fuses & 

Terminal Blocks and Example I/O Wiring Diagram in the Contract drawings. 
C. All spare I/O points shall be wired to terminal blocks. 
D. Install communication cable between Operator Interface and PLC. 
E. Bundle and tie down wires in a neat and orderly manner. 
F. Terminate drain wire of shielded cables at backpan terminal block only. 

3.03 WARRANTY 

A. Provide warranty per Section 16010. 

B. Perform the following services during the warranty period: 

1. Repair or replace damaged modules returned for service within 24 hours. 
2. Determine and report the cause of failure of modules returned for service. 
3. Resolve design or implementation problems discovered. 

3.04 MAINTENANCE 
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A. Provide special tools, cabling and equipment necessary for normal operation, 
maintenance and calibration. 

3.05 FINAL ACCEPTANCE 

A. Obtain final acceptance as specified in Section 16010 - Electrical, Final 
Acceptance. 

 -END OF SECTION- 
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SECTION 16915 - PLC & OI APPLICATIONS PROGRAMMING 
 
 
PART 1: GENERAL 
 

1.01 SECTION INCLUDES 

A. Applications Programming for Programmable Logic Controller (PLC) and 
Operator Interface (OI).  

B. Related work as specified in Section 16010 - Electrical. 

1.02 SUBMITTALS 

A. Provide submittals per Section 16010-Electrical, Submittal and Drawing 
Requirements. 

B. Submit software operations manual including the following as a minimum. 

1. Program Code 

a. Program code demonstrating function in compliance with 
descriptions herein. 

b. Incorporate tag references into each program register.  Tag 
references shall be shown in program code with program registers. 

c. Comment for each block of code explaining purpose of program 
block. 

d. Comment each program rung for purpose within block. 

2. Setpoint listing with description 

3. Program description  

a. Provide written description of program operation.  Description 
shall cover all aspects of normal operation and alarm shutdowns.  
Describe all alarms and their effect on operation.  Describe alarms 
that require manual reset. 

4. Register cross reference listing 
a. The listing shall be in table format and include all program 

constants and variable registers with their functions. 
b. The listing shall show (block and rung number) where the register 

is used within the program code. 

5. Configuration and Set-up 
a. The configuration of the processor and hardware selections shall 
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be summarized. 
b. The configuration of the communication ports shall be shown. 

6. Data Tables 

a. Print data tables with initial register values shown. 

7. Special files 

a. Include any special files that are particular to the manufacturer.  
All files pertinent to programming or configuration shall be 
submitted. 

C. Submit software documentation demonstrating understanding of control software 
requirements and compliance with Portability and Maintainability requirements 
specified in this Section. 

1.03 PROGRAMMING METHODS 

A. Design and code programs per the following: 

1. Clearly comment each run of ladder logic code.  Include module headers 
detailing the purpose of the module, programmer name, date of last 
revision, revision history, and description of sequence of events. 

2. Code shall use the P&ID ISA I/O point designations as labels or 
nicknames throughout the ladder logic. 

3. Code shall use the P&ID I/O point designations as labels or nicknames 
where possible, in comment areas at minimum. 

B. All custom software, including diagnostic, configuration and applications 
programming software shall become the sole property of the Owner for their use 
on this and future Owner projects. 

C. No software or documentation shall be labeled proprietary.   

D. Provide complete hardware and original manufacturer software manuals 
describing how to use the configuration software. 

E. Provide two (2) disks copies and two (2) hard copies of all as-installed programs 
at the end of the project.  

F. Furnish and maintain 256MB (min) USB RAM stick on site and within control 
panel so that latest program files are always available and up-to-date.  Upon 
conclusion of each downloaded program change, the USB RAM stick shall be 
updated. 
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1.04 APPLICATIONS PROGRAMMER 

A. All programming shall be performed by an application programmer with prior 
experience on similar PLC & OI projects. The Engineer will judge if the 
application programmer assigned to this project is adequate for the task. If the 
programming performed is deemed inadequate by Engineer, then the System 
Integrator shall replace the application programmer for one with more experience 
and skill to meet these requirements. 

PART 2: PRODUCTS 

2.01 APPLICATIONS PROGRAMMING SOFTWARE 

A. Provide applications programming software, in new/unused condition, and in the 
original packaging to the Owner for their use.   

B. The software shall be of latest revision available at time of delivery to the Owner 
and the same revision number as that used by the Contractor to program the PLC.  
If the revision numbers of the software provided in the box and that used for 
programming are different, the Contractor shall make whatever changes are 
necessary to make the applications program compatible with the applications 
software provided. 

C. The following software shall be provided under this contract. 
1. Latest revision of programming software for the PLC suitable for 

installation on a Windows PC.  Revision shall be as available at time of 
bid. 

2.02 APPLICATIONS PROGRAM CODE 

A. Provide applications programs in the PLC to execute the control strategies as 
described herein, as shown on the Contract drawings, and as can be reasonably 
determined from the overall project scope. The Contractor shall provide 
application program code that performs to the intent of the descriptions and any 
additional supporting program code for a fully operational processor and system. 

B. The Contractor shall provide the PLC & OI completely configured and 
programmed for the monitoring and control of the facility.  Work shall be 
completed in a timely manner such that all other parts of the contract may proceed 
un-inhibited.  There shall be no expectation that any program logic or 
configuration will be performed by others.  

C. The control strategies for the PLC & OI are intended as guidelines for the System 
Integrator to use to program the PLC.  The descriptions are intended to be general 
in nature and do not contain all details to program a fully functional and robust 
PLC logic program.  Many details concerning programming methods and 
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procedures are the responsibility of the qualified Contractor to design and 
implement.  The descriptions are written for best transference of intent may not be 
the best way to code the program.  Errors and omissions in details shall be the 
Contractor’s responsibility to infill and correct. The Contractor shall meet the 
intent of the strategies specified, making modifications as necessary to provide an 
operational system.  

D. The program code shall be written without any “hard-coded” constants that would 
effectively require a program change to modify the value.  All function blocks 
shall contain variable registers only. 

2.03 CONTROL STRATEGIES 

A. GENERAL REQUIREMENTS 

1. The following requirements (General and Specific) are intended to be used 
as a guideline for application programming of the PLC.  They are the 
major functions and are not intended to be completely comprehensive of 
all requirements of the station operation and do not attempt to cover all 
necessary program routines for an operational system.  Additional features 
and functions and registers will be required for an operational system. 

2. The Station ID prefix as shown in the P&ID drawings is not included in 
the strategies herein and is not required to be documented within the 
program. 

3. The following general program functions shall be provided: 

a. Enable/disable toggle bits and variable time delays for all alarms.   

b. Analog input noise filtering -- software or firmware. 

c. SCADA Auto-off-Manual controls for all equipment controlled by 
the PLC.  These control buttons shall also be accessible via the 
OI(s). 

d. Resettable and non-resettable operation hour meters for equipment. 

e. Scaling to engineering values of all variables.  Minimum of 3 
significant digits required.   

1) Level in 1/10th  Feet or Inches 
2) Pressure in 1/10th  PSI. 
3) Flow in GPM. 
4) Flow totalization  

a) Total non-resettable flow displayed in MGD with 
9999999.999 presentation layout. 
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b) Total resettable flow displayed in MGD with 
9999999.999 presentation layout. 

c) Total yesterday flow displayed in KGAL with 
99999.9 presentation layout. 

d) All registers shall roll over to zero automatically. 
5) Speed in percent %. 

f. Data register types: 

1) Any register that requires precision past the decimal shall 
be floating point type. 

2) Integer registers may be used where decimal precision is 
not required. 

3) Boolean registers shall be used for all statuses and on/off 
controls. 

g. Transducer out of range alarms.  If the scaled value of the analog 
input exceeds 21 mA of falls below 3.5 mA, an out of range alarm 
shall be triggered for that input. 

h. All setpoints registers, enable/disable toggle bits and settable 
variable time delays shall be adjustable from the OI direct to 
program data table. 

i. Communications messaging as required to share data information 
and interlocks between PLCs.  Message structure shall be fail safe 
as to keep overflows or other improper operation from occurring.   

j. A power fail shall reset all routines. 

k. Pumps or equipment shall have backspin delays and power fail 
sequential re-start delay routines. 

l. If a device is called to start or move and the associated run status 
does not confirm start or move after a time delay then post a device 
fail alarm.  (UAxxSF) 

m. Out of Auto alarm.  All devices (valves, gates, pumps) with auto 
switch monitoring shall have associated “out of auto” alarms.  
(YAxxF) 

n. Programming code shall have automatic error checking and proper 
initialization to prevent illegal operations such as negative values 
being placed in timer presets or mathematical out of range 
functions which could cause a processor fault. 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16915-6 PLC & OI Applications Programming 

o. PLC shall be programmed so that, in the event of a power 
interruption, the equipment controlled shall resume normal 
operation without requiring a manual reset unless otherwise 
shown. 

B. SPECIFIC REQUIREMENTS 

1. ALARMS GENERAL 

a. The following table summarizes the alarms required and associated 
tag references for this project.  If an alarm requires to be latched, it 
is shown with an “L” in the latch column immediately after the 
alarm tag reference. 

Inputs Description Alarm 1 
/High 

Latch Alarm 2 
/Low 

Latc
h 

Units 

UA10F VFD Fail UAF10 L    
UA10S SSS Fail UAS10 L    
UA10C Waste Valve not closed alarm UAC10 L    
L51 Well Level LAH51  LAL51 L FT 
L52 Hypochlorite Tank Level LAH52 L LAL52 L IN 
P61 System Pressure PAH61 L PAL61  PSI 
F71 Well Flow FAH71  FAL71 L GPM 
FA75H Eyewash Flow High FAH75 L    
A81 Chlorine Residual AAH81 L AAL81  MG/L 
A91 Electrical Room Temperature TAH91 L TAL91  Deg F 
       
SA98 Smoke Detected SAA98 L    
EA95AL 120 V AC power fail EAL95A     
EA95BL UPS output failure EAL95B L    
EA99L 480 V AC power fail EAL99     
 Communications fail DA100 L    
       
R01A Alarm Acknowledge R01A     
R01R Alarm Reset R01R     
       
Outputs Description Outputs     
X01 Station Alarm Light X01     
       

b. Setpoints/Timers/Alarms 

1) Use the following format to define tag references for 
setpoints, timers and alarms associated with the alarms 
defined above. 
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2) Strip leading Alpha characters from the input tag 

3) Prefix each input/output tag with the following for: 

a) SPTfor timer sepoints 
b) SPL for pressure, level, etc. setpoints (unit values) 
c) K for timers (seconds, hours, increment counters) 

c. Analog Alarms 

1) If an analog value is above/below the associated setpoint, 
and the associated time delay has exceeded the time 
setpoint, then the alarm shall be generated/annunciated. 

2) Transducer fails as described in Control Strategies, General 
Requirements, in this section. 

3) The alarm shall automatically reset unless it is designated 
as “latch”.  A latching alarm requires manual reset 

4) Well low flow alarm and Chlorine Residual low alarm shall 
only be enabled when the well pump is running. 

d. Digital Alarms 

1) If the digital input state is true and the associated time 
delay has exceeded the time setpoint, then the alarm shall 
be generated/annunciated. 

2) The alarm shall automatically reset unless it is designated 
as “latch”.  A latching alarm requires manual reset. 

e. Communications Alarm 

1) The SCADA shall monitor for communications and shall 
post an alarm if the PLC fails to respond to message 
queries. 

2. INTRUSION ALARM 

a. Inputs/Outputs 

Inputs Description  Units 
Z93 Intrusion Bypass Timer   
ZA93A~D Building Door Open   
    
Outputs Description   
X01 General Alarm   
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b. Setpoints/Timers/Alarms 

Setpoints Description  Units 
SPT93 Intrusion alarm door delay  Seconds 
    
Timers Description  Units 
K93 Intrusion door delay  Seconds 
    
Alarms Description  Latch 
ZAY93 Intrusion door  Latch 
    

c. Intrusion Alarm 

1) If the door input (ZA93) is set, then if the intrusion bypass 
timer (Z93) is not set and the intrusion door timer (K93A) 
exceeds the intrusion door setpoint (SPT93A), then the 
intrusion door alarm (ZAY93A) shall be set. 

2) The alarm shall automatically reset unless it is designated 
as “latch”.  A latching alarm requires manual reset. 

3. TOTALIZATION 

a. Inputs/Outputs 

Inputs Description  Units 
F71 Station Flow  GPM 
N10R Well Pump run  Run/off 
ZS11C Waste Valve Close  Closed/null
    
Outputs Description   
 None   

b. Timers/Totalizers 

Timers Description  Units 
K10 Well Pump running hours  Hours 
    
Totalizers Description  Units 
Q71 Flow Totalizer  KGal 
    

c. Flow totalization 

1) If station flow (F71) is above 1% of maximum flowrate, 
and waste valve is closed (ZS11C) then increment flow 
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totalizer (Q71) and resettable flow totalizer (Q71R) for 
each 1000 gallons of accumulated flow. 

2) If internal flow reset status (Y71) is set, then set resettable 
flow totalizer (Q71R) to zero and reset Y71 

d. Hour Meters 

1) If Well Pump running (N10R) is set, then start hour timer 
K10. 

4. PUMP START CONTROL 

a. Three start modes are specified herein – Time of day, and Time of 
day with pressure limits, and time of day with remote tank level 
control.  The waste valve is controlled directly by the motor 
controls. 

b. Inputs/Outputs 

Inputs Description Units 
HN10A Well Pump in auto Auto/Null 
YN10R Well Pump run Run/Off 
UA10F Well Pump VFD fail Fail/Null 
ZS11O Waste Valve open Open/Null 
P61 System Pressure PSI 
PSH62 Discharge pressure high High/Null 
L51 Well Level FT 
L150 Tank Level (via telemetry, write from 

SCADA) 
FT 

   
Outputs Description  
XC10S Well Pump start Start/Stop 

c. Setpoints/Timers/Alarms 

Setpoints Description Units 
SPC01 Pump Control Mode (Time/Pressure/Level) 1, 2, 3 
SPL60A Well Pump start pressure PSI 
SPT60AD Well Pump start delay Seconds 
SPL60B Well Pump stop pressure PSI 
SPT60BD Well Pump stop delay Seconds 
SPT10ESU Well pump enable time Sunday HH:MM 
SPT10EMO Well pump enable time Monday HH:MM 
SPT10ETU Well pump enable time Tuesday HH:MM 
SPT10EWE Well pump enable time Wednesday HH:MM 
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SPT10ETH Well pump enable time Thursday HH:MM 
SPT10EFR Well pump enable time Friday HH:MM 
SPT10ESA Well pump enable time Saturday HH:MM 
   
SPT10DSU Well pump run duration time Sunday HH:MM 
SPT10DMO Well pump run duration time Monday HH:MM 
SPT10DTU Well pump run duration time Tuesday HH:MM 
SPT10DWE Well pump run duration time Wednesday HH:MM 
SPT10DTH Well pump run duration time Thursday HH:MM 
SPT10DFR Well pump run duration time Friday HH:MM 
SPT10DSA Well pump run duration time Saturday HH:MM 
   
SPL150A Well Pump start level PSI 
SPT150AD Well Pump start delay Seconds 
SPL150B Well Pump stop level PSI 
SPT150BD Well Pump stop delay Seconds 
   
   
Timers Description Units 
K60A Well Pump start delay Seconds 
K10T Time of day clock HH:MM 
   
Alarms Description Units 
 None  

d. Pump Enabled 

1) Each day the well pump shall be enabled to operate at 
(SPT10EXX) time each day for a duration of 
(SPT10DXX).  Substitute day of week for XX each day.  
Enable durations shall be capable of being set across 
midnight each day if required.  If durations are above 24 
hours, the pump shall be enabled continuous. 

2) No Chlorine residual High Alarm (AAH81) 

3) No Chlorine residual Low Alarm (AAL81) 

4) Waste Valve is not failed. 

5) No VFD fail alarm (UAF10) if switch not in SSS. 

6) No SSS fail alarm (UAS10) if switch in SSS. 

7) No well level low alarm (LAL51) 
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8) No low flow alarm (FAL71) 

e. Pump available 

1) If the pump is in auto (HNX0A), and not failed (UAX0F) 
then the pump is available to be started. 

f. Pump Call  (Time of Day Call) (SPC01 = 1) 

1) If the well pump is enabled and time of day call is on and 
there is no well level low low alarm (LALL51), then start 
well pump (XC10S). 

2) If the well pump is not enabled or time of day call is off or 
if there is a well level low low alarm (LALL51), then stop 
well pump (XC10S) and  

g. Pump Call  (Pressure Call) (SPC01 =2) 

1) If the well pump is enabled and the system pressure (P61) 
drops below pump start pressure setpoint (SPL60A) for 
setpoint (SPT60AD) amount of time and waste valve is 
open (ZS11O), then start well pump (XC10S). 

2) If the well pump is not enabled or if the system pressure 
(P61) rises above stop pressure setpoint (SPL60B) for 
setpoint (SPT60BD) amount of time, or if the pump speed 
output (SC10) is below minimum speed plus 0.25% 
(SPC60M + 0.25%), then stop well pump (XC10S). 

h. Pump Call  (Remote Level Call) (SPC01 =3) 

1) If the well pump is enabled and time of day call is on, and 
the tank level (L150) drops below pump start level setpoint 
(SPL150A) for setpoint (SPT150AD) then start well pump 
(X10S). 

2) If the well pump is not enabled or time of day is not on, or 
if the tank level (L150) rises above stop level setpoint 
(SPL150B) for setpoint (SPT150BD) amount of time, then 
stop well pump (X10S). 

5. WELL PUMP SPEED CONTROL 

a. If the VFD is selected, there are two speed selection options for 
Well Pump speed control – Well Level control and System 
Pressure control. 
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b. Inputs/Outputs 

Inputs Description Units 
P61 System Pressure PSI 
L51 Well Level FT 
   
Outputs Description  
SC10 Well Pump Speed Control % 
   

c. Setpoints/Timers/Alarms 

Setpoints Description Units 
   
SPC02 Mode Selection 1,2 
   
 Level Mode  
SPL51A Level for Maximum speed  FT 
SPL51B Level for Minimum speed FT 
SPL51C Speed at maxmum level (max speed)  % 
SPL51D Speed at minimum level (min speed)  % 
   
 Pressure Mode  
SPL62A PID Maximum % 
SPL62B PID Minimum % 
SPL62C PID Proportional gain  
SPL62D PID Integral gain  
SPL62E PID Derivative gain  
SPL62F PID recalculation time Seconds 
   
SPL10S Pump Start Speed % 
   
Timers Description Units 
K62F PID recalculation timer Seconds 
   
Alarms Description Units 
 None  

d. Level Calculation (SPC02 = 1) 

1) The Well level (L51) shall be used as the primary variable 
in a direct related linear algorithm.  The pump speed shall 
increase with rising well level and decrease with decreasing 
well level.  The setpoints listed shall allow tuning of the 
calculation. 
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2) Equations 

a) %level = [(L51-SPL51B) / (SPL51A – SPL51B)]  

b) speed range = (SPL51C – SPL51D) 

c) Output speed = (%level * speed range) + SPL51C. 

d) Limit output speed to max and min setpoints. 

e. PID Calculation (SPC02 = 2) 

1) The system pressure (P61) shall be used as the primary 
variable in an inverse related PID routine.  The setpoints 
listed shall allow tuning of the PID calculation. 

6. HYPOCHLORITE PUMP SPEED CONTROL 

a. Inputs/Outputs 

Inputs Description Units 
F71 Well Flow GPM 
Z11C Waste Valve Closed  
   
Outputs Description  
SC42 Hypochlorite Pump Feed Rate % 
XC42 Hypochlorite Pump Start  

b. Setpoints/Timers/Alarms 

Setpoints Description Units 
SPL42G Proportional gain Hypochlorite (0~100) % 
SPL42H Flow value normalization (flowmeter scale 

maximum flowrate) 
GPM 

   
SPL42M Maximum Speed % 
SPL42N Minimum Speed % 
   
Timers Description Units 
 None  
   
Alarms Description Units 
 None  

c. Pump Start Control 

1) If the well pump is running (YN10R) and Waste Valve 
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closed status is received (ZS11C) then start hypochlorite 
pump (XC42S). 

d. Feed Rate Calculation 

1) Proportional Component 

a) The well flow (F71) / Flow value normalization 
(SPL42H) * proportional gain (SPL42G) equals 
pump feed rate (SC42) when enabled. 

2) Common controls 

a) Pump speed shall be limited to be between 
Maximum Feed (SPL42M) and Minimum Feed 
(SPL42N) when enabled. 

b) If pump is not enabled, set feed rate (SC42) equal to 
zero. 

7. HYPOCHLORITE USAGE CALCULATION 

a. Inputs/Outputs 

Inputs Description Units 
L52 Hypochlorite Level  IN 
XC42S Hypochlorite Pump Start  
   
Outputs Description  
 None  
   

b. Setpoints/Timers/Alarms 

Setpoints Description Units 
SPL42A Hypochlorite volume per inch of tank mL 
SPL42B Time interval to calculate usage Min 
SPL42C Hypochlorite Usage Alarm Minimum mL/Min 
   
Timers Description Units 
 None  
   
Alarms Description Units 
UAY42 Low Hypochlorite Usage  

c. Hypochlorite Usage Calculation 
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1) Upon well pump start, read and store hypochlorite tank 
level. 

2) After the time interval has elapsed (SPL42B) then read and 
store the hypochlorite tank level and subtract it from the 
previous reading. 

3) Multiply the difference times the volume per inch of tank 
(SPL42A) to obtain usage in milliliters. 

4) Calculate a usage rate by dividing the usage by time 
interval (SPL42B). 

5) Recalculate every time interval (SPL42B). 

6) Alarm for hypochlorite usage below minimum setpoint 
(SPL42C). 

PART 3: EXECUTION 

3.01 SOFTWARE DEVELOPMENT 

A. The programming, setup and configuration of the PLC shall be done by the 
System Integrator.  

B. The PLC shall be ready to be placed in operation at the time of Operational 
Testing. 

C. Do not enable or set any passwords on the PLC software or hardware for this 
project. 

D. Additional Programmer Labor Hours 

1. The Contractor shall include in his bid price an additional 24 hours of 
PLC program configuration changes to be designated by the Engineer 
or Owner during testing and start-up.   

2. All programming configuration changes shall be performed by the original 
programmer and shall be made in the presence of the Engineer in the field 
or shall be per written quote or directive.   

3.02 TRAINING 

A. The PLC manufacturer shall provide a minimum of 8 hours of training for 4 to 6 
of the Owner’s engineering, operations, and maintenance personnel.  The training 
shall consist of the following minimum sessions: 
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1. 4 hours - PLC Introduction to Programming Course shall include: 

a. Training in entering programming using PLC manufacture's 
software. 

b. Interpreting organization of memory structure. 

2. 4 hours - PLC Maintenance and Troubleshooting Course shall include: 

a. Copying, restoring and saving programs. 
b. Searching and replacing program elements. 
c. Modifying ladder programs and data table information. 
d. Isolating and safely correcting the most common problems in PLC 

system. 

B. Training shall be administered by manufacturer trained personnel in a classroom 
type setting at the Station. 

3.03 MEDIUM 

A. Provide PLC applications programs on CD recordable disk media with each 
submittal .  Clearly label CD with station name and contents.  CD disk shall 
contain the following: 

1. Application program, configuration and data tables.  

2. These disks and all copyrights shall become the property of the Owner, for 
its use on this and future projects. 

B. In addition, one USB RAM Stick of the application PLC & OI programs shall 
remain on site in the control panel.  All programs and files shall be updated each 
time the System Integrator modifies the PLC program. 

C. Provide two (2) copies of as-installed applications programs printed with standard 
laser print 8 1/2" x 11" paper at end of project.  Insert new print-outs into the 
Operations and Maintenance manuals.  Provide number of copies as specified in 
16010 Operations and Maintenance Instructions. 

3.04 FIELD ASSISTANCE 

A. Provide testing as specified in Section 16600 – FACTORY AND FIELD 
TESTING. 

3.05 WARRANTY 

A. Troubleshoot and correct all program abnormalities, glitches and bugs uncovered 
during the warranty period.  Provide phone and/or on-site support as required to 
correct problem(s). 
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B. Software support which shall be provided by the System Integrator: 

1. Free technical PLC software and hardware configuration phone support 
for a period of one year. PLC / OI phone support shall be provided directly 
from the person(s) that configured the PLC / OI. Phone support shall be 
available between 8 a.m. and 4 p.m. Pacific Standard Time Monday 
through Friday.  

-END OF SECTION - 
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SECTION 16925 - SCADA SYSTEM APPLICATIONS PROGRAMMING 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. Application programming and configuration of Existing Supervisory Control and 
Data Acquisition (SCADA) system located at the Sacramento Suburban 
Headquarters on Madison Avenue for display of station parameters, alarms and 
reports.  

B. Setup, configure, program, and implementation of a Supervisory Control and Data 
Acquisition (SCADA) system that shall communicate and interface to 
Programmable Logic Controllers (PLC) and other control automated devices to 
maintain, monitor, and control the process located at Verner Avenue Well.   

C. Work includes all required programming and/or integration of the existing 
human-machine interface / supervisory control and data acquisition 
(HMI/SCADA) software, auto-dialer software, report generation software, 
historical database software, and other required hardware and software 
components to yield a complete and operational system.  

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 

B. Section  16915 – PLC and OI Applications Programming 

1.03 SUBMITTALS 

A. Provide submittals per Section 16010-Electrical, Submittal and Drawing 
Requiements. 

B. Obtain, modify and submit SCADA layout and communications block diagram 
incorporating the new site.  Submit RFI for ACAD file from previous projects for 
modification.  SCADA diagram shall use similar conventions as previously used 
and be very detailed and include communication protocols, methods, radios and 
wire types. 

C. Submit completed color screen print outs of the new SCADA system screens, 
including all menus.  Submit one screen per sheet of paper.   

D. Submit a list of all alarms identified by the system including descriptions as 
shown on the Alarm Summary screen. 

E. Submit remote automatic alarm dialer voice script in a text version for review. 
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F. Submit a total of three (3) different report formats for review.  Identify the report 
generation software and additional software utilized in creating and printing each 
report. 

G. SCADA programmer’s prior work experience and resume. 

1.04 QUALITY ASSURANCE 

A. The Owner reserves the right to judge if the SCADA application programmer 
assigned to this project is adequate for the task. If the programming performed is 
deemed inadequate by Owner, then the system supplier/integrator shall provide a 
qualified SCADA application programmer to meet these requirements. 

B. The integrator’s trained field representative shall have the following experience 
requirements: 

1. Has programmed, setup, and configured similar sized control systems for 
the last two years with the System Integrator/Contractor awarded the 
project. 

2. Has integrated similar SCADA systems into at least two water or 
wastewater treatment plant control systems using the same SCADA 
software (current or earlier versions) being used on this Project. 

PART 2: PRODUCTS 

2.01 SCADA APPLICATION SOFTWARE 

A. No new application software is required to be supplied.  Only existing SCADA 
applications program is to be modified.  Existing SCADA software is 
Wonderware 8.5 or newer version. 

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. Work shall conform to workmanship standards specified in Section 16010 - 
Electrical. 

B. Perform work to remedy non-compliant installations after inspection. 

3.02 SOFTWARE DEVELOPMENT 

A. The programming, setup and configuration of the SCADA system shall be done 
by the System Integrator.  

1. Each and every system, subsystem, automated device, and package 
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equipment shall be fully automated to the extent possible and as defined in 
this and other sections. 

2. Each system shall have graphical screens displaying the process, alarms, 
setpoints, trends and other controls. 

B. The SCADA system configuration shall be completed in parallel with PLC 
programming and tested during factory and field testing. 

3.03 SCADA CONFIGURATION 

A. General 

1. The SCADA application software shall allow Operators to interface with 
any controlling devices; to display process data, equipment status, and 
alarm information.  The system shall transfer operator initiated control 
commands to the controlling PLC(s). 

2. The Programmable Logic Controller(s) within the system shall perform all 
process control.  The SCADA system shall not perform any control or 
function that would, on its own, change the way a controlling device (PLC 
or dedicated controller) controls the process.  All commands must be 
initiated by an Operator and not be the programming of the SCADA 
system.  All Timers, Totalizers, Counters, or any other control function 
devices will be implemented in the PLC. 

B. Communications  

1. The SCADA shall monitor for communications and shall post an alarm if 
a PLC fails to respond to message queries. 

2. The SCADA system shall track a ratio of completed message to missed 
messages in a 100 entry shift register.  Therefore, the communications 
integrity to each station will be displayed as a percentage of completed 
messages.  Show message integrity percentage on SCADA overview 
screen. 

3. The SCADA system shall re-transmit interlock data from one PLC/RTU to 
another for the purposes as described in this section and Section 16915, 
PLC &OI Applications Programming. 

C. Graphic Screens: 

1. Model screens after the P&IDs as shown in the contract drawings.  If 
existing sites are similar, the new screens shall be similar in look and 
functionality as the existing screens.   
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2. Display all analog values on the graphic screens with bar graph, symbols, 
and analog readout along with its associated alarm setpoints arranged next 
to bargraph in ascending order (i.e. low alarm setpoints at bottom and high 
alarm setpoints near the top). 

3. Graphic screen(s) shall display station main parameters in process flow 
format similar to that shown on the P&ID diagrams. 

4. Setup control parameter screen listing all setpoint registers. All settable 
values shall be changeable from the graphic screens permitted with the 
appropriate password. 

5. Provide an alarm summary screen(s) listing all alarms.  Flashing Alarm 
Indication.  Acknowledge button to acknowledge alarms displayed. 

6. All values shall be displayed with engineering units. 

7. Analog values shall be displayed with the resolution as described above. 

8. Display indicating a new alarm regardless of the screen currently 
displayed. 

9. Menu screen with jump buttons to all screens. 

10. Jump button displayed on all screens to go to a menu screen. 

11. Jump button displayed on all screens to go to the last screen. 

12. Provide the following graphic screens:  

a. Overviews of station/project refer to P&ID drawings – one per 
P&ID (minimum). 

b. Setpoint “pop-up” menus for each device to configure alarms. 
c. Control screen to allow configuration of operation per the control 

strategies. 
d. Alarm configuration screen with setpoint listings and descriptions. 
e. Totalization (flow and/or runtime) for all devices. 
f. Trending screens for each analog device. 
g. Alarm summary screens with acknowledge and reset. 
h. Modifications to existing overview screen as applicable. (large 

overview showing multiple related stations and/or systems). 
i. Configure drop down menus and “go-to” buttons for each new 

screen. 

3.04 TESTING 

A. The SCADA system shall be tested with the PLC control systems as defined in 
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other sections.  The SCADA system shall be ready for testing at the Factory Test 
and again at the Field Test.  The SCADA application programmer shall be 
performing testing, making corrections and/or on stand-by during all testing.  
There shall be no time limit to perform such testing and completion will be as 
determined by the Owner’s Representative.   

B. Provide testing as specified in Section 16600 – FACTORY AND FIELD 
TESTING. 

3.05 ADDITIONAL PROGRAMMER LABOR HOURS 

A. The Contractor shall include in his bid price an additional 16 hours of 
SCADA application program configuration changes to be designated by the 
Owner’s Representative or Owner during testing and start-up.   

B. All SCADA application programming configuration changes shall be performed 
by the original programmer and shall be made in the presence of the Owner’s 
Representative in the field.  None of the hours shall be used for travel costs, 
overhead, etc., that are not related to programming changes. 

3.06 MEDIUM 

A. Provide SCADA applications programs on CD recordable disk media with each 
submittal.  Clearly label CD with station name and contents.  CD disk shall 
contain the following: 

1. Tag name data tables.  
2. Colored graphic screens.  
3. These disks and all copyrights shall become the property of the Owner, for 

its use on this and future projects. 

B. In addition, one (2) sets of CD-ROM diskettes of the application SCADA 
programs shall remain on site.  All programs on the disks shall be updated each 
time the Contractor is called out to modify the programs. 

C. Provide two (2) copies of as-installed SCADA application screens and tag name 
data tables printed with standard laser print 8 1/2" x 11" paper at end of project.  
Insert new print-outs into the Operations and Maintenance manuals.  Provide 
number of copies as specified in 16010 Operations and Maintenance Instructions. 

3.07 TRAINING 

A. The SCADA programmer shall provide a minimum of 4 hours of training for 4 to 
6 of the Owner’s engineering, operations, and maintenance personnel.  The 
training shall consist of the following minimum sessions: 

1. 2 hours – SCADA Configuration and Maintenance Course shall include: 
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a. Training in entering configuration mode and creating symbols, 
assigning references, editing tag database. 

b. Making data back-ups and creating a back-up schedule. 
c. Making SCADA configuration back-ups. 

2. 2 hours – SCADA Operations Course shall include: 

a. Screen usage. 
b. Password heirarchary. 
c. Dos and Don’ts. 
d. Reports and file management. 

3.08 WARRANTY 

A. Troubleshoot and correct all program abnormalities, glitches and bugs uncovered 
during the warranty period.  Provide phone and/or on-site support as required to 
correct problem(s). 

B. Software support which shall be provided by the System Integrator: 

1. Free technical SCADA software and hardware configuration phone 
support for a period of one year. SCADA phone support shall be provided 
directly from the person(s) that configured the SCADA System. Phone 
support shall be available between 8 a.m. and 4 p.m. Pacific Standard 
Time Monday through Friday.  

2. The System Integrator shall correct any SCADA software configuration 
error that is discovered within the warranty period, at no additional cost to 
Owner.  

-END OF SECTION- 
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SECTION 16940 - INSTRUMENTATION 
 
 
PART 1: GENERAL 
 
1.01 SCOPE OF WORK 

A. The major components in the instrumentation scope of work are: 

1. Furnish, configure, test, commission, and warrant instrumentation as 
shown in the P&IDs, plans, and/or listed in the instrument schedule 
(located at the end of this section.) 

2. Include necessary piping, valves, pressure reducers, mounting brackets or 
flanges, supports, and anchors to complete installation.   

3. Provide sunshades for instrumentation for all instruments that are exposed 
to direct sunlight.   

B. System Integrator selection of instrumentation shall be per manufacturer’s 
recommendation for the application and per specifications.  If a manufacturer’s 
recommendation or installation instructions are inconsistent with the Contract 
installation details or specifications, then the Contractor shall inform the Engineer 
of the discrepancy in writing within the submittal comment letter.  If the 
inconsistency is due to substitution from the first named equipment, then the 
responsibility of coordination and any additional cost shall be borne by the 
Contractor. 

C. Provide all devices, valves, tubing, fittings, wiring, terminal blocks, calibration 
consumables, initial calibration equipment, accessories, sunshades and enclosures 
as specified herein and as shown on Contract Drawings. 

D. The Contractor shall furnish all tools, calibration equipment, calibration materials, 
specialized parts and incidentals necessary to integrate the instrument to the 
application.   

E. Contractor shall furnish labor for installation, verification, start-up, calibration, 
testing and commissioning.  Contractor shall prove proper function of instrument 
prior project completion. 

1.02 RELATED SECTIONS 

A. Section 16010 – Electrical 

B. Section 16110 -- Conduit, Devices, Boxes and Grounding 

C. Section 16120 -- Wire, Fuses and Terminal Blocks 
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D. Section 16600 – Factory and Field Testing 

1.03 SUBMITTALS AND DRAWINGS  

A. Submit shop documents and drawings for approval in accordance with this 
subsection and as specified in Electrical Section 16010 – Submittal and Drawing 
Requirements. 

B. Submit Operating Instructions (O&M Manuals) for each instrumentation device 
prior to equipment installation.   

PART 2: PRODUCTS 

2.01 QUALITY 

A. Per 16010 – Electrical - Quality 

B. All equipment shall be designed and constructed so that in the event of a power 
interruption, the equipment specified hereunder shall resume normal operation 
without requiring a manual reset. 

C. Signal transmission from remote or field electric and electronic devices shall be 
4-20 mA, sourced by a 24 VDC supply internal to the instrument or from a 24 
VDC power supply located within the panel that is to receive the signal.  
Nonstandard transmission methods such as impulse duration, pulse rate, and 
voltage regulated will not be permitted except where specifically noted. 

D. Transmitters or devices located in Class 1, Division 1 hazardous areas shall be 
rated for hazardous location installations per NEC and UL.  Explosion proof 
enclosures and raceways or current/spark limiting devices located inside or 
outside of the classified area shall be furnished to comply with code requirements. 

E. Outputs of equipment that are not of the standard signals as outlined, shall have 
the output immediately converted to 4-20 mA signals for remote transmission. 

2.02 INSTRUMENT IDENTIFICATION 

A. All major instrumentation and equipment items or systems specified in this 
Division are and/or on the P&IDs are identified by tag numbers.  Tag field 
equipment with assigned instrumentation tag number and functional description. 

1. Tags shall be 1/2” stainless steel DYMO impressed tape with 
3/16”(minimum) height characters.   

2. Metal tape embosser shall feature a built in hole punching device and 
scissor cutoff tool.  DYMO 1101 or equal. 
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B. Attach tags to equipment with a 4” long, 20-gage stainless steel wire leash for 
small devices, or two stainless steel screws for larger instruments; however, such 
permanent attachment shall not be on an ordinarily replaceable part or in an area 
that will be subject to unintended overuse fatigue.  Make the tag plainly visible 

2.03 LEVEL COMPONENTS 

A. SUBMERSIBLE LEVEL TRANSMITTER 

1. The submersible level transmitter shall be 4-20 mA loop powered with 
integral manufacturer’s cable containing electrical conductors and breather 
tube.  The transmitter shall include lightning protection and a dessicant air 
dryer for installation on the end of the breather tube.  

2. Lightning protection 

a. Lightning protection shall be incorporated within the level 
transmitter and shall be consistent with IEC 61000-4-5, Level 4 
requirements.   

b. Lighting protection module shall be installed in termination box 
and grounded per manufacturers instructions. 

3. The calibration of the level transmitter and cable length shall be as shown 
in the instrument schedule. 

4. The body of the transmitter shall be rated IP68 and constructed of stainless 
steel with a ceramic diaphragm measuring cell.  The transmitter shall be 
suspended from the electrical cable. 

5. The submersible level probe shall be Endress and Hauser FMX-167 Water 
Pilot, Druck Model 1830 with STE-110 termination box, or approved 
equal. 

B. ULTRASONIC LEVEL TRANSMITTER 

1. The ultrasonic level transmitter shall utilize non-contacting ultrasonic 
signal reflection technology to provide level monitoring for up to 50 ft 
range. 

2. The transmitter shall feature advanced echo processing algorithms that can 
be configured to ignore selected echos.   

3. The transmitter shall be capable of controlling two pumps in a lead/lag 
configuration or using outputs for high and low level alarm outputs. 

4. The transducer level element (LE) shall have the following features: 
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a. Corrosion resistant plastic body, completely submergence rated. 
b. Rated for Class 1, Div. 2 hazardous atmospheres.  
c. Operating temperature of -40 to 200 deg F. 
d. 6 degree beam angle. 

5. The level indicating transmitter shall have the following features: 

a. NEMA 4X / IP65 enclosure. 
b. Ground isolated 4-20 mA output, max load of 750 ohm. 
c. Two 5 amp at 120V AC, SPDT relays. 
d. Integral 4 button keypad for configuring parameters. 
e. Integral 1.5” x 4” (min) backlit LCD display. 
f. Operating temperature range from -40 to 140 deg. F. 

6. The calibration of the level transmitter and cable length shall be as shown 
in the instrument schedule. 

7. The ultrasonic level transmitter shall be Siemens Hydroranger 100 with 
chemical resistant level sensor or approved equal. 

2.04 PRESSURE COMPONENTS 

A. GUAGE OR DIFFERENTIAL PRESSURE TRANSMITTER 

1. The pressure indicating transmitter shall be a loop powered, two wire, 
4-20 mA signal transmitting device with signal derived from the applied 
sensor pressure.  Transmitter shall be capable of driving 0 to 500 ohm 
loads with 24 VDC supply. 

2. The transmitter shall have the following features:  

a. Programmable 4-digit Liquid Crystal Display (LCD) process 
indicator. 

b. HART programming with programming selections for square root 
extraction, output calibration, and adjustable dampening 0.0 to 
36.0 seconds, minimum. 

c. Integral microprocessor based circuitry with RFI filtering and 
shielding. 

d. The transmitter shall have accuracy of +/- 0.1% of span over a 
range of 10 to 1 turndown.  Elevated zero setting capable of 0-30% 
upper calibration limit.   

e. Operating temperature range shall be -40 to 185°F (minimum).  
Process wetted materials shall be ceramic or hastalloy diaphragm 
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and 316 stainless steel body.  Process flanges shall be 316 stainless 
steel, 1/2" NPT.  

f. The transmitter shall be scaled as shown in the instrument 
schedule. 

3. Provide mounting bracket per mounting requirements shown in Contract 
drawings. 

4. The gauge pressure transmitter shall be Rosemount Smart 3051TG series, 
Endress and Hauser Cerabar M PMC 41or approved equal.  

B. CALIBRATION VALVE 

1. Calibration valve for use with gauge transmitters shall have the following 
features: 

a. Stainless steel body with integral blocking valve and calibration 
valve and port. 

b. Calibration port shall be 1/4” FNPT with 1/4” MNPT x 1/2” FNPT 
adapter. 

c. Valve shall have a non-rotating stem tip and a fully backseated 
bonnet.  

d. Process and transmitter connections shall be 1/2” MNPT.  Include 
1/2” stainless steel close nipple as required. 

2. Calibration valve shall be Rosemount 306RT2, or approved equal. 

C. PRESSURE SWITCH 

1. Each pressure switch shall be SPDT  rated minimum of 15 amps @ 
120VAC. Pressure switch shall consist of a pressure sensing mechanism 
and the switch itself enclosed in a NEMA rated housing.  Pressure switch 
shall be bourdon tube type or diaphragm type with stainless steel wetted 
parts and mechanical snap action switch. Switch shall have two setpoint 
adjustments (trip & reset setpoints) with setpoint indicator calibrated in 
engineering units and viewable from outside switch cover.  Pressure 
switch shall be UL listed.  The pressure switch shall be Dwyer Mercoid 
DAW series; Square “D” 9016, ASCO or approved equal. 

D. PRESSURE GAUGE 

1. The pressure gauge shall be 1% accurate with C-type bourdon tube.  The 
bourdon tube, socket and connection tube of the gauge shall be 316 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16940-6 Instrumentation 

stainless steel.  The case and bezel ring shall be constructed of type 304 
stainless steel.  The dial shall be 100 mm in diameter with a black pointer 
and a white gauge face with black print.  The gauge shall be filled with 
liquid glycerin.  A bottom mount process connection shall include a 
snubber as a separate component.  The process connection shall be1/2” 
stainless steel.  The pressure gauge shall be Ametek/US gauge model 656 
or approved equal. 

2.05 FLOW COMPONENTS 

A. MAGNETIC FLOW METER 

1. The magnetic flow meter shall consist of a flow tube FE and a converter 
FIT, complete with interconnecting cables.  

2. The magnetic flow meter shall be of the low frequency electromagnetic 
induction type and shall produce a DC pulse signal directly proportional 
and linear to the flow rate, with the duration not less than 100 
milliseconds.  The meter shall be suitable for full scale flow rates from 1 
to 31 feet per second. Complete zero stability shall be an inherent 
characteristic of the metering system. Meters requiring field zero 
adjustment will not be acceptable. The meter accuracy shall not be 
affected by changes in fluid pressure, temperature, viscosity, or 
conductivity. 

3. Accuracy 

a. The maximum error of the complete metering system including 
flow element and flow indicating transmitter shall be 0.25% of 
actual flowrate and readout over the range of full scale settings 
from 1 to 30 feet per second. Variations in temperature, voltage, 
and frequency within the ranges listed herein shall not affect the 
overall measuring accuracy.  

b. Readout repeatability shall maximum error of 0.1% of average for 
all flow rates over the range of full scale settings from 1 to 30 feet 
per second. 

c. The flow meter shall not require more than three diameters of 
straight pipe length from the center of the meter to upstream or 
downstream obstructions to obtain specified accuracies. 

d. Lack of straight pipe or obstructions to straight length pipe 
requirements shall not cause overall flowmeter inaccuracies to 
exceed more 0.5% of actual flowrate over the range of full scale 
settings from 1 to 30 feet per second. 
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4. Flow Element (FE) 

a. The flow element shall be based on a pipe spool with ANSI class 
150 flange connections or be flangeless construction as required by 
mechanical drawings.  Class 300 flanges shall be provided where 
shown or when the pressure and temperature of the process fluid 
exceeds the rating of a 150 lb flange.  The flow element size shall 
be as shown in the mechanical drawings and listed in the 
Instrumentation Schedule.  Flange type and bolt pattern shall be 
coordinated with the mechanical Contractor prior to submittal. 

b. The flow element shall have 316 stainless steel electrodes, flush 
configuration. 

c. Stainless steel grounding rings shall be provided at both ends of 
the flow element for all flowmeter applications.  Grounding rings 
shall be manufactured from stainless steel, 2 mm thickness with 
grounding tab for electrical wire connection, and fit within the 
flange bolt circle.  Grounding ring shall be self centering within 
pipe.  

d. The flow element internal liner material shall be Teflon, 
polyurethane or hard rubber, unless recommended otherwise by the 
manufacturer for the application and approved by the Engineer.   

e. Nema rating as defined in the Instrumentation Schedule. 

5. Flow Indicating Transmitter (FIT) 

a. The electronic flow indicating transmitter shall be mounted 
remotely from flow tube as shown on Contract drawings.   

b. The electronic transmitter shall be provided in a NEMA rated 
enclosure per the Instrumentation Schedule. 

c. The transmitter shall be interchangeable with all sizes of flow 
elements and shall be field replaceable (without replacing flow 
element) in the event of transmitter failure. 

d. The transmitter shall be microprocessor controlled, utilizing digital 
signal processing with automatic zero correction to provide a linear 
4-20 mA signal proportional to flow rate.   

e. The transmitter shall incorporate a high impedance amplifier of 
100,000 Megohms or greater, eliminating the need for electrode 
cleaning systems. 
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f. The transmitter shall contain a self test mode to allow the operator 
to manually simulate the output 4-20 mA signal to any value 
between 0% and 100% to check out any driven devices in the loop.  

g. Rate indicator and totalizer:  An alphanumeric LCD backlit display 
shall be provided to continuously display the flowrate and totalizer 
with units and all programming functions. 

h. All programming configuration of the Flowmeter shall be 
completed through the transmitter’s pushbutton interface.  A 
communication device shall not be necessary to configure the flow 
transmitter. 

i. The transmitter shall be designed for operation from a power 
source of 120 volts AC, with a power consumption of less than 30 
watts.  The flow element shall be powered from the transmitter. 

j. The transmitter shall operate continuously without fault in an 
ambient temperature range from 14 to 140 °F.  The flowmeter shall 
be suitable for operation in direct sunlight without the use of a 
sunshade.  If a sunshade becomes required after installation for any 
operational reason, one shall be furnished and installed free of 
charge. 

k. The following configurable parameters shall be provided at a 
minimum: 

1) Field adjustable flow signal dampening.  

2) Low flow cutoff (forces zero flow signal) between 0.0-
5.0% of full scale rate. 

3) Empty pipe detection (forces zero flow signal) if the pipe is 
not full. 

4) Selection for forward/reverse/both flow directions. 

6. Flow Indicating Transmitter (FIT) I/O Interface 

a. Flow Signal:  4-20 mA signal proportional to the flow.  The signal 
shall be field configurable for the flow calibration specified and 
others within the flow tube accuracy range.  The flow signal shall 
be capable of measurement for forward and reverse flows 
combined by offsetting zero to mid scale (12 mA). 

b. Flow Totalization Pulse:  The Flowmeter shall feature a pulse 
output that is scaled to 1000 gallons per pulse unless otherwise 
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shown.   

1) Provide solid state interfacing relay within control panel (as 
required) between flow meter voltage output and PLC 
discrete voltage input.  Provide any necessary interfacing 
devices to make flow meter pulse duration and output rate 
compatible with PLC discrete pulse input rate. 

c. Meter Positive Zero Return:  This contact input shall force the flow 
reading and output flow signal to zero flow.  

7. If the flow indicating transmitter (FIT) is shown in the Contract drawings 
to be mounted remotely from the flow element (FE), the manufacturer 
shall provide all cabling between flow element and flow indicating 
transmitter. 

8. All mounting hardware and/or devices necessary to complete the 
installation shall be provided by the manufacturer at no additional cost to 
the Owner.  

9. The meter shall be hydraulically calibrated at a facility located in the 
United States and the calibration shall be traceable to the National Bureau 
of Standards.  A certified copy of the calibration test results shall be 
submitted to the Owner prior to shipment of the meter.  

10. The magnetic flowmeter shall be McCrometer UltraMag, no equal. 

B. FLOW SWITCH 

1. The flow switch shall be vane operated to actuate 10A, SPDT snap action 
switch.  Motion of the vane shall actuate the switch by action of a magnet 
linked to the switch inside the sealed stainless steel switch body.  Flow 
switch shall be W.E. Anderson V6, or approved equal. 

2.06 ANALYTICAL ELEMENTS 

A. CHLORINE RESIDUAL ANALYZER 

1. Description:  The system’s chlorine sensor shall employ the amperometric 
measurement technique to monitor a continuous flow of process water to 
determine free chlorine residual level. 

2. The microprocessor based analyzer shall continuously display the chlorine 
residual with range as shown on the Instrumentation Schedule. 

3. The measuring cell shall provide continuous on-line measurement of 
residual levels from 0-50 mg/l with minimum 100 to 1 turndown of scale 
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maximum.  The display shall be capable of  0.01 mg/l resolution (min) for 
the lower scale ranges. 

4. The analyzer shall have the capability of on-site conversion from free to 
total residual chlorine analysis by simple change or addition of reagent. 

5. Operating temperature: 32° F to +120° F.  Provide sunshade when 
exposed to direct sunlight. 

6. Analyzer shall utilize DPD, or 5% white vinegar as buffer solution for 
measuring CL2 residual. Automatic temperatures compensation shall be 
included as standard. 

7. Analyzer Electronics. 

a. The analyzer shall be controlled by microprocessor based 
electronics powered from 120 VAC.  Analyzer shall be protected 
from voltage fluctuations commonly found in water/wastewater 
applications.  Additional external noise filtering shall be provided 
as necessary for a robust and operational system.  System lock-ups 
or microprocessor malfunctions will be grounds for rejection 
throughout the warranty period. 

8. Flow System: 

a. A continuous sample shall be delivered to the analyzer.  If sample 
is interrupted, the piping system shall be designed to maintain a 
wet electrode and/or cell. 

b. A flushing type Y-strainer and throttling valve shall be provided in 
the sample line: 

1) The Y-strainer shall divide the sample in to two (2) 
streams. 

2) The larger stream shall continuously flush the strainer 
element. 

3) The smaller stream shall flow to the analyzer. 

c. Analyzer Electronics. 

1) The analyzer shall be controlled by microprocessor based 
electronics. 

2) User interface shall include a touch keypad and LED 
display, 0.56” digit size (min). 
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3) Alarm conditions shall be annunciated through the display. 

4) The system shall have one isolated 4-20 mA output which 
represents chlorine residual and scaled by the user during 
commissioning from a selected list of ranges from 0-0.1 to 
0-50 mg/l.   Output signal shall be configurable to desired 
span without recalibration of the sensor 

5) Two (2) user configurable alarm relays shall be provided 
for low residual, high residual. 

d. Relay contacts shall be rated 5 amperes at 110 V. 

9. Spare Parts. 

a. One year supply of consumable materials as recommended by 
manufacturer. 

b. On spare electrode, complete unit with plug-in to transmitter. 

10. Acceptable manufacturer:  Hach CL17, GLI Accu-Chlor, or approved 
equal. 

2.07 TEMPERATURE DEVICES 

A. ROOM TEMPERATURE TRANSMITTER 

1. The temperature indicating transmitter shall provide display of room 
temperature and provide linear output signal derived from the temperature 
of the integral RTD measuring sensor.   

2. Temperature Transmitter 

a. Loop powered, two wire, 4-20 mA, capable of driving 0 to 500 
ohm loads from 24 VDC supply. 

b. 3-1/2 digit, 0.37”H, Light Emitting Diode (LED) display. 

c. Zero and span adjustments for display and temperature transmitter. 

d. The transmitter shall have accuracy of +/- 0.5% of span over an 
operating temperature range of 0 to 150°F. 

3. The wall mount transmitter shall be Devar Model RTTI or approved equal.  

2.08 EVENT, STATE OR POSITION DEVICES 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16940-12 Instrumentation 

A. POSITION SWITCH 

1. Door switch – door intrusion switch shall have a wide gap magnetic sensor 
with S.P.D.T. contacts mounted in a rugged steel housing with integral  3 
foot stainless steel armored cable for wiring to a junction box. Intrusion 
door switches shall be Sentrol 2507-A or approved equal.  

B. SMOKE DETECTOR 

1. General 

a. The smoke detector shall detect smoke produced by fire and signal 
an alarm system.  The detector shall be housed in a flame retardant 
plastic housing and shall be unaffected by vibration.  Detector shall 
be sealed against dirt, insects and back pressure 

b. Detector shall utilize photoelectronic sensor technology. 

c. The detector/base shall be 120V, four-wire operation with built-in 
Form A and Form C dry contacts.  Form A contact shall be rated 
for 2.0A at 30VAC/DC.  Form C contact shall be rated for 2.0A at 
30VAC/DC and 1.0A at 120VAC. 

d. The detector shall have an operating temperature 32 to 120°F and 
an operating humidity of 10 to 93% relative humidity. 

e. The detector shall have built-in test switch (magnetic proximity 
actuation) and 360 degree view angle of built-in alarm LEDs. 

f. The detector shall be approved by UL and Factory Mutual and 
meet requirements of NFPA 72. 

2. The fire alarm smoke detector shall be photoelectric type.  The smoke 
detector shall be System Sensor 100 Series model 2151 with B114LP 
base, Gentex 8000 Series with 120VAC base, or approved equal. 

2.09 INSTRUMENTATION SUN PROTECTION 

A. Instrument Sunshade 

1. Provide wall mount bracket or pole mounted sunshade where instruments 
are exposed to direct sunlight.  Sunshades shall be fabricated from 
stainless steel with hinged rubber flap on front for viewing of displays and 
performing calibrations.  Sunshade shall be custom manufactured for the 
instrument protected and sized such that there is 3” free space around sides 
and front of instrument. 
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2.10 INSTRUMENTATION SCHEDULE 

A. The Instrumentation Schedule spreadsheet (located at the end of this section) is 
intended to be a summary of instrumentation equipment required for this project.  
Not all instrumentation details are shown on the schedule.  Some requirements 
may be shown in the instrumentation schedule such as enclosure rating and 
instrument span that are not described in the specifications.  Both are required for 
a complete specification. 

B. If an instrument is shown in the P&IDs or on the site plan, then the device shall be 
provided whether or not it is shown on the instrumentation schedule. 

PART 3: EXECUTION 

3.01 WORKMANSHIP 

A. Instrumentation work shall conform to workmanship standards specified in 
Section 16010 - Electrical. 

B. The Contractor shall employ personnel who are skilled and experienced in the 
installation and connection of equipment defined in this section.  Contractor 
qualifications are specified in Section 16010.  

C. Verify that all equipment and materials fit properly. 

D. All instrumentation configuration, programming and calibration shall be 
completed prior to the start of field tests. 

E. Equipment without approved submittals shall not be installed. 

F. All equipment shall be properly stored indoors while awaiting installation.  
Protect installed equipment from construction debris or mishaps.  The Contractor 
will replace any equipment that is not in new condition at the time of installation 
and/or start-up. 

G. Perform work to remedy non-compliant installations after inspection. 

3.02 INSTALLATION 

A. Install and supply all products necessary to provide an operational instrumentation 
system. This shall include the following:  

1. Contract Drawings are intended to show the basic functional requirements 
of the instrumentation system.  Insufficient detail does not relieve the 
Contractor from the responsibility to provide a complete and functioning 
system.  If additional detail or clarification is required, the Contractor shall 
request such information from the Engineer prior to installation. 
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2. Provide relays, signal converters, isolators, boosters, power conditioners, 
circuit cards, and other miscellaneous devices as required for the 
compatible and functional interface. 

3. Provide analog loop isolators where required to eliminate "ground loops." 

4. The instrumentation and accessory equipment shall be installed in 
accordance with the manufacturer's instructions and located as shown on 
the Drawings or as approved by the Engineer. When manufacturer's 
installation literature specifies a particular location or orientation in a 
process line due to measurement accuracy considerations, the installation 
shall be in conformance with the manufacturer's instructions. 

B. Instrument installation methods. 

1. Install instruments at the location shown on the Plans or approved by the 
Engineer.  Instruments enclosures shall be NEMA rated for the installed 
location. 

2. Install level and plumb. 

3. All instruments shall be provided with floor stands or wall brackets as 
shown in installation details or as required for functional installation. 

4. Mounting stands shall be custom manufactured of aluminum channel with 
base plate unless otherwise noted in installation detail. 

5. Mounting channels (unistrut), and spacers shall be galvanized steel above 
ground outdoors and stainless steel below ground (wetwell), unless 
otherwise noted in installation details. 

6. All screws, bolts and anchors shall be stainless steel. 

C. Wiring and raceway installation methods. 

1. Terminal blocks shall be provided at all instrument cable junctions and all 
wires shall be identified at such junctions.   

2. Instrumentation wiring shall be run without splices between instruments, 
terminal boxes, or panels. 

D. Wiring, grounding, and shielding methods. 

E. The following practices shall be observed unless modified by manufacturer's 
standards: 

1. Each electronic equipment chassis shall be grounded to power ground. 
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2. Shielded twisted pair, shielded triad, or manufacturer supplied cables only 
shall be used for analog signals and communications signals. 

3. Drain wire of shielded cables used for analog inputs to the PLC shall be 
connected at the PLC unit only.  Shield shall be isolated from ground at all 
other termination points including transmitters. 

4. Drain wire of shielded cables used for analog outputs from the PLC shall 
be connected at signal receiving device only.  Shield shall be isolated from 
ground at all other termination points. 

5. If electrical interference noise is imposed on DC status and alarm signals, 
then they shall be re-routed or wire changed to shielded twisted pair 
cables. 

6. Each shield drain wire which is not connected to ground shall be cut off 
covered with a heat shrink insulating boot at cable jacket end.  Shields 
shall be connected together at each transition from one cable to another for 
an effectively continuous shield circuit.  

3.03 SUPPLIER SERVICES 

A. The Contractor shall be responsible for each supplier of equipment to provide the 
following minimum services for each type of instrument supplied.  Each supplier 
shall provide a qualified instrumentation field technician to perform services 
listed herein.  Contractor shall supply all calibration materials necessary to 
commission unit and shall not use any consumable materials that are intended to 
be furnished for the first period of use. 

1. Advise and instruct Contractor on proper installation requirements. 

2. Inspect, calibrate, test, and place equipment in operation. 

3. All programmable devices shall be programmed and tested prior to 
startup. Programming shall be adjusted or changed as directed by the 
Owner or Engineer, at no additional cost. 

4. Coordinate with the Owner and setup all alarm, process, and operation 
setpoints.  

5. Perform all witnessed testing. 

6. Visit the project site as often as required and spend as much time as 
necessary to ensure accurate and operational instrumentation. 

7. Provide training as specified in Training. 



Sacramento Suburban Water District 
Verner Ave. Well and 
Treatment Facilities  November 2008 
LSCE 07-3-075 16940-16 Instrumentation 

B. The Contractor shall coordinate with each supplier of instrumentation to confirm 
that primary elements are provided in a timely manner, meeting critical path 
scheduling.  The Contractor shall coordinate process connection size, equipment 
size, and material type when applicable and oversee the installation, calibration, 
and acceptance testing. 

3.04 OPERATING AND MAINTENANCE INSTRUCTIONS 

A. Provide operating instructions as specified in Section 16010 - Electrical, 
Operating and Maintenance Instructions. 

3.05 TRAINING 

A. The instrument supplier shall provide a minimum of one (1) hour of field training 
to instruct Owner personnel in the use, operation, calibration, programming, and 
maintenance on each type of "field" instrument listed in Instrumentation 
Schedule.   

3.06 SPARE PARTS 

A. Provide spare parts as described in each products section herein and specified in 
Section 16010 - Electrical, Spare Parts. 

B. Contractor shall supply all calibration materials necessary to commission unit and 
shall not use any consumable materials that are intended to be handed over to the 
Owner as defined in the instrument specifications. 

3.07 WARRANTY 

A. Provide warranty as specified in Section 16010 - Electrical, Warranty. 

3.08 FINAL ACCEPTANCE 

A. Provide final acceptance as specified in Section 16010 - Electrical, Final 
Acceptance. 

B. At the end of the project, following the completion of the field tests, and prior to 
final acceptance, the Supplier shall provide the following to the Owner: 

C. Each "operation and maintenance" manual shall be modified or supplemented by 
the Supplier to reflect all field changes and as-built conditions.  

-END OF SECTION- 
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DWG Min.
P&ID Specification NEMA SP/ DWG. DET.
# Tag No. DESCRIPTION Type Section Rating Size Range Units Reference Notes

E3 LT 51 Level Transmitter SUB 16940-2.02 A 4X - 0-300 FT E13, Det G 300 FT Cable

E4 LIT 52 Level Transmitter sonic 16940-2.03 B 4X - 0-60 IN E13, Det F

E3 PIT 61 Pressure Indicating Transmitter GAUGE 16940-2.04 A 4X - 0-300 PSI Civil Plans Calibration Valve

E3 PI 61 Pressure Indictor GAUGE 16940-2.04 D 4X - 0-150 PSI Pipe Shutoff Valve

E3 PI 62 Pressure Indictor GAUGE 16940-2.04 D 4X - 0-150 PSI Pipe Shutoff Valve

E3 FIT 71 Flow Indicating Transmitter MAG 16940-2.05 A 4X - 0-3000 GPM Stanchion

E3 FE 71 Flow Element MAG 16940-2.05 A 4X 12" 0-3000 GPM E13, Det H

E4 FSH 75 Flow Switch 16940-2.05 B - Civil Plans

E3 AIT 81 Analytic Indicating Transmitter Chlorine 16940 2.06 A 4X - - - Civil Plans

E3 ZS 11 O,C Position Switch Valve spec - - - Valve

E4 TT 91 Temperature Transmitter digital 16940 2.07 A 1 - 0-150 deg F Wall

E4 ZS 93 A~D Position Switch N.C. 16940-2.08 A 1 - - - Door

E4 SS 98 Smoke Detector Smoke 16940-2.08 B 12 - - - Ceiling Box

0807d-16940-inst.xls
INSTRUMENTATION
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 13135 Danielson Street, Suite 201

 Poway, CA 92064

 Tel: (858) 679‐9551

 Fax: (858) 679‐9555
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● 

● 

● 

● 

● 

City of Folsom
50 Natoma St

Folsom, CA 95630

5/14/2010

Mr. Marcus Yasutake

UGSI goes to great lengths to ensure the pipe and fusion services we deliver on a project meet and exceed the expectations of our clients and 

end users The operating processes and procedures we employ for pipe and fusion services constitute the backbone of our company’s offer and

Subject:  Folsom RCP Slipline

Thank you for the taking the time to discuss the use of Fusible PVC™ pipe for your project.  To further confirm that you can count on 

Underground Solutions, Inc. (UGSI) to stand behind our product and technology, I would like to address the following items:

Installation Support

UGSI Warranty 

Pipe Installation Experience

Construction Management & Field Engineering Services

Field Fusion Qualification and Joint Data Logging

Fully Structural Lining Capability

Fusible PVC™ QA/QC Process

The Fusible PVC™ Difference

Dear Mr. Yasutake,

● 

● 

end‐users.  The operating processes and procedures we employ for pipe and fusion services constitute the backbone of our company’s offer and 

are unparalleled in the pipe industry.  These processes allow UGSI and its clients to install Fusible PVC™ pipe with the same reliable and 

repeatable success project‐after‐project throughout the United Sates, Canada and Mexico on over 700 projects to date.  

The Fusible PVC™ Difference

PVC pipe manufactured to meet AWWA C900/C905 requirements has enjoyed a very successful track record over the 30‐40 years that it has 

been placed in service.  The historical operating experience of PVC is the foundation for Fusible PVC™ pipe, because Fusible PVC™ pipe is 

manufactured to meet or exceed those same AWWA requirements.  UGSI’s Fusible C‐900® and Fusible C‐905® pipe products are AWWA 

C900/C905 pipe.  The major differences between the Fusible PVC™ family of products and conventional bell & spigot PVC pipe material are: (1) 

virgin resin is used, (2) resin content is increased (Fusible PVC™ pipe has more resin and is therefore more plastic), (3) coarse fillers such as 

calcium carbonate are reduced in content, and (4) the content of other formulation ingredients are optimized within their allowable range limits 

to enhance thermal butt fusion.  Fillers are used by conventional bell & spigot PVC pipe manufacturers to reduce the amount of resin content in 

order to reduce manufacturing cost of the pipe, while still meeting the applicable AWWA C900/C905 standards.  Moreover, UGSI’s quality 

control standards are world class, far exceeding those of other PVC pipe suppliers.  

Prior to coming to the market with Fusible C‐900®, Fusible C‐905® and FPVC™ pipe in 2003, an exhaustive R&D program was conducted to 

develop the proper pipe formulation and the critical fusion parameters.  These parameters allow UGSI to provide an integral fused joint that 

closely approximates the strength of the surrounding PVC pipe barrel.  UGSI’s R&D program provides the backbone to the pipe manufacturing 

and pipe fusion QA/QC processes which enable UGSI to provide a consistently reliable pipe, and a repeatable fusion process. 

These processes, including data‐logging of each fused joint, provide a detailed record of joint integrity that has resulted in a joint failure rate of 

approximately 0.05% or approximately one failure per 80,000 LF of installed pipe (approximately one in every 2,000 fused joints) – a record that 

compares very favorably with other installed pipe materials.  

UGSI Pipe QA/QC Process

UGSI requires that its pipe extrusion partners manufacture Fusible PVC™ pipe to AWWA C900/C905 requirements, to certify 

compliance based upon QA/QC testing, and to deliver Affidavits of Compliance with the AWWA standards.  

UGSI has obtained NSF‐14 certification (outside certification agency) that Fusible PVC™ pipe meets AWWA C900/C905 requirements.
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Vendor Qualification
Required Vendor 

Testing

UGSI Lot  

Acceptance Testing
Fusion Joint QC Data

ASTM D638

ASTM D638

Per AWWA 

C900/C905

Per AWWA 

C900/C905

Per AWWA C900 Per AWWA C900

Per AWWA 

C900/C905

Per AWWA 

C900/C905

Per AWWA 

C900/C905

ASTM D2152 ASTM D2152 ASTM D2152

Per AWWA 

C900/C905

Per AWWA 

C900/C905

ASTM D2241; ASTM 

D2444

ASTM D2241; ASTM 

D2444

Pipe Burst*

Pipe Dimensions*

Impact Test**

Acetone Immersion*

Flattening*

Pipe Tensile**

Fusion Tensile**

Test

Every lot of Fusible PVC™ pipe is tested by an independent laboratory to verify critical material properties before the pipe is shipped 

to the jobsite from the manufacturer.  

Each fusion joint is data‐logged – cataloguing the location on the pipeline, the fusion technician ID, and fusion parameters as 

reported on fusion data sheets and the electronic data‐logger device.  These are available for the owner’s reference as required.

Hydrostatic Pressure Test*

ASTM F1057 ASTM F1057 ASTM F1057

ASTM D2584 ASTM D2584

Per UGSI Request

Temperature, 

Pressure, Location

Unique Operator ID

*
**

● 

● 

Qualified fusion technicians are initially trained by Underground Solutions and are requalified annually.

Initial three day training course covers material science, data logging systems and 2.5 days of on‐machine fusion.  There is a pass/fail 

system in place; not all class participants who receive training are deemed to be qualified to fuse Fusible PVC™. 

As previously stated, UGSI’s Fusible C‐900® and Fusible C‐905® pipe products are AWWA C900/C905 pipe.  Fusible C‐900®, Fusible C‐905® and 

FPVC™ pipes use starting stock extruded from 100% virgin polyvinyl chloride (PVC) resin that has been compounded to provide physical and 

chemical properties that equal or exceed cell class 12454 as defined in ASTM D1784.  As such, Fusible PVC™ is a fully structural system.  The 

pressure rating of Fusible PVC™ pipe does not depend on the state of the host pipe, as many other lining systems do.  The pressure class, 

buckling pressure, and all other technical data for Fusible PVC™ can be found in the following pages of this document.

Field Fusion Qualification and Joint Data Systems

Fusible PVC™ pipe can only be fused by UGSI’s qualified fusion technicians or licensed contractors who have undergone UGSI’s qualification and 

training program.

Bold text identifies required testing per the AWWA C900/C905 standards for both bell & spigot PVC and Fusible PVC™.  
These are additional tests completed as part of the standard UGSI QA/QC process to ensure consistent and repeatable pipe quality 

for Fusible PVC™. 

Licensed Operator**

Joint Fusion Parameters**

(LOI)**

Heat Reversion**

Fully Structural Lining Capability

Ash/Inert Content
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Installed > 2,000,000 LF of Fusible PVC™ pipe

Completed > 2,000 separate HDD pull ins 

Completed > 50,000 field‐fused joints

Recorded > 1,000 project installations

UGSI offers cost effective innovation to the underground infrastructure market by lowering overall installed costs for the end‐user. Since 

January, 2004, UGSI has:

Data loggers provide real time feedback on joint integrity during the fusion process.

Data loggers provide an electronic record of the pipe system fusion for proof of joint integrity.

Fusion conditions are logged by the technician and “as‐built” joint records are developed for the owner as necessary.

Fusion equipment must meet minimum standards to be approved for Fusible PVC™ fusion.

Data loggers set the machine operating parameters and record critical fusion data for each joint.

Construction Management and Field Engineering Services

UGSI provides a variety of project assistance to its customers to ensure project success, including:

Construction Management – Our Construction Manager, Mike Garrett, has extensive experience with direct bury and trenchless 

installation methods, and has prior experience with Fusible PVC™ pipe as a customer.

Engineering Support – Our registered Professional Engineers provide design and installation guidance using UGSI‐developed 

calculation tools for planning HDD, Sliplining, Pipe‐bursting and Direct Bury projects.  These tools have proven to reduce overall 

installation risk and construction costs. 

Fusible PVC™ Pipe Installation Experience

● 

● 

Sincerely,

Rob Craw
Regional Sales Manager
RCraw@UndergroundSolutions.com
Phone: (925) 577‐7566
Fax: (858) 679‐9555

Fusible PVC™ pipe is an extremely tough, reliable and resilient product. Nevertheless, following industry standards and best installation 

practices are important to ensure a successful installation.  These include: (1) adherence to minimum bend radius considerations, (2) utilizing 

proper PVC cutter shells for tapping, and (3) installing hardware and appurtenances to the manufacturer recommendations.

UGSI prides itself on competing honestly and aggressively on the basis of the technical and economic merits of our Fusible PVC™ pipe products.  

We hope that you will agree based on the foregoing information. 

Warranty

There are two components to the UGSI warranty: (1) the warranty for the pipe itself, which commences when the pipe is delivered to the job 

site, (2) the warranty for the workmanship of the fused joint – effective from the date of completion of the fusion joint services.  

Installation Support

The stringent QA/QC process for pipe manufacturing, and training and qualification of fusion technicians are unique in the industry.  

Additionally, UGSI can have its local Construction Manager on‐site to assist throughout the installation phases of the project to help ensure 

proper installation.  This will include communication and review of the proper handling, installation, pressure testing, and tapping procedures 

for Fusible PVC™ pipe.  There is no additional charge for the services of our Construction Manager.    

Implemented a Pipe and Fusion QA/QC program unparalleled in the industry. 

p p p

Completed the longest single, continuous HDD pulls of thermoplastic pipe recorded in the water and wastewater industry: 5,120 LF 

of 10” DR14, and 4,400 LF of 24” DR18 pipe.

Thank you for your consideration.  If you have any questions, please contact me at the number shown below.
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Pipe Data

24'' DR 25 Fusible C‐905® 24'' DR 11 HDPE

Pipe Material  Fusible C‐905® PE‐80

Pipe Technical Data Sheet

Total Pipe Length (LF) 19,000 19,000

Nominal Diameter (in) 24 24

Dimension Ratio DR 25 DR 11

Series DIPS DIPS

Pressure Rating (PSIG) 165 160

Safety Factor 2.0 2.0

O t id Di t (i ) 25 80 25 80Outside Diameter (in) 25.80 25.80

Inside Diameter (in) 23.61 20.83

Cross Sectional Flow Area (in²) 437.9 340.7

Bend Radius (LF) 538 215

Tensile Strength (PSIG) 7,000 3,200

Safe Pulling Force (lbs) 224,800 207,400

Safe Pulling Stress (PSIG) 2,800 1,200Safe Pulling Stress (PSIG) 2,800 1,200

Relaxation Period (hrs) 0 24 ‐ 48

Hydrostatic Design Basis (PSIG) 4,000 1,600

Critical Buckling Pressure (PSIG) 68 65

Connection to Host Pipe Standard Mechanical Joint Fused Flange/MJ Adapter

Material Weight (lbs/ft) 52.1 75.4

Total Pipe Weight (lbs) 989,710 1,432,163

Water Disinfectant Induced Oxidation High Resistance Low Resistance

Hydrocarbon Permeation High Resistance High Permeability

OD 25 80" OD 25 80"

Host Pipe ID= 30.00"
Host Pipe ID= 30.00"

24" DR 25 Fusible C-905®

OD= 25.80"
ID= 23.61"

24" DR 11 HDPE

OD= 25.80"
ID= 20.83"

Host Pipe ID= 30.00"
Host Pipe ID= 30.00"

Fusible C‐900® and Fusible C‐905® pipe is now manufactured and marked to conform to the latest versions of the AWWA/ANSI C900 and 

C905 standards.   The current version of AWWA/ANSI C900 increases the pressure classes for C900 PVC pipe to conform with pressure 

classes  for C905 PVC pipe.  During a transition period, UGSI may supply pipe manufactured and marked in accordance with either the 1997 

24" DR 25 Fusible C-905®

OD= 25.80"
ID= 23.61"

24" DR 11 HDPE

OD= 25.80"
ID= 20.83"

Host Pipe ID= 30.00"
Host Pipe ID= 30.00"

or current versions of the appropriate standard, depending on pipe availability.

24" DR 25 Fusible C-905®

OD= 25.80"
ID= 23.61"

24" DR 11 HDPE

OD= 25.80"
ID= 20.83"

Host Pipe ID= 30.00"
Host Pipe ID= 30.00"

AE - 3 - 003 Rev 11 - 4/28/2010
Supporting references for the above data can be found at:

http://www.undergroundsolutions.com/technical-data-references.php
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Frictional Loss Energy Analysis
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Total Head Loss Pump Size  Energy Use  Energy Cost  Annual Energy  Energy Cost 
Pipe Description
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24" DR 25 FPVC® 24" DR 11 HDPE
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(ft of H2O)

p

(HP)

gy

(KWH/mo)

gy

($/mo)

gy

Cost ($/yr)

gy

Delta ($/yr)

6 3 2,545 $205 $2,460 ‐
11 6 4,687 $378 $4,530 $2,070

1. Flow rate of 3.168 million gallons per day (MGD).

2. Pump motor efficiency of 70%

Assumptions:

24" DR 11 HDPE
24" DR 25 FPVC®

Pipe Description

3. Energy cost of $0.06/KWH.

4. Demand cost of $15/KW per month.

5. Pump operating time of 24 hours per day.

6. The annual energy costs shown are based on head loss only, and do not reflect actual pumping costs.

Note: This analysis is for comparison purposes only ‐ the contractor, engineer and/or owner should perform their own 

analysis for the purposes of final engineering designs and bid submittalsanalysis for the purposes of final engineering designs and bid submittals.

AE - 3 - 005 Rev 11 - 1/28/2010
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24" DR 25 FPVC® 24" DR 11 HDPE

Pipe Material  FPVC® HDPE

Total Pipe Length (LF) 19,000 19,000

Nominal Diameter (in) 24 24

Dimension Ratio DR 25 DIPS DR 11 DIPS

Total Annual Energy Cost ($/yr) $2,460 $4,530

Annual Energy Differential ($/yr) ‐ $2,070

Net Present Value @ 50 year Life $117,157 $215,720

Life Cycle Savings Using Fusible FPVC® $98,563 ‐

Assumptions:
1. Head loss is based on a pipe length only, no fittings loss or elevation changes are taken into account.
2. Net present value based on 5% annual escilation in energy cost and 5% discount rate.
3. Energy savings based 50 year system life.
4. Pump capible of operating at required power level.

Net Present Value Comparison

AE - 3 - 004 Rev 11 - 1/28/2010
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Frictional Loss Energy Analysis
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Total Head Loss Pump Size  Energy Use  Energy Cost  Annual Energy  Energy Cost 
Pipe Description
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80 182 141,439 $11,393 $136,712 ‐
147 335 260,431 $20,977 $251,726 $115,015

1. Flow rate of 12.96 million gallons per day (MGD).

2. Pump motor efficiency of 70%

Assumptions:

24" DR 11 HDPE
24" DR 25 FPVC®

Pipe Description

3. Energy cost of $0.06/KWH.

4. Demand cost of $15/KW per month.

5. Pump operating time of 24 hours per day.

6. The annual energy costs shown are based on head loss only, and do not reflect actual pumping costs.

Note: This analysis is for comparison purposes only ‐ the contractor, engineer and/or owner should perform their own 

analysis for the purposes of final engineering designs and bid submittalsanalysis for the purposes of final engineering designs and bid submittals.
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24" DR 25 FPVC® 24" DR 11 HDPE

Pipe Material  FPVC® HDPE

Total Pipe Length (LF) 19,000 19,000

Nominal Diameter (in) 24 24

Dimension Ratio DR 25 DIPS DR 11 DIPS

Total Annual Energy Cost ($/yr) $136,712 $251,726

Annual Energy Differential ($/yr) ‐ $115,015

Net Present Value @ 50 year Life $6,510,079 $11,986,966

Life Cycle Savings Using Fusible FPVC® $5,476,887 ‐

Assumptions:
1. Head loss is based on a pipe length only, no fittings loss or elevation changes are taken into account.
2. Net present value based on 5% annual escilation in energy cost and 5% discount rate.
3. Energy savings based 50 year system life.
4. Pump capible of operating at required power level.

Net Present Value Comparison

AE - 3 - 004 Rev 11 - 1/28/2010
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Typical Connection Details

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug® EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug® EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug® EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Tee

EBAA Iron MegaLug®

EBAA Iron MegaLug® EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Tee

EBAA Iron MegaLug®

EBAA Iron MegaLug® EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Tee

EBAA Iron MegaLug®

EBAA Iron MegaLug® EBAA Iron MegaLug®

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Tee

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

M h i l J i

Fusible PVC™
Mechanical Joint
Ductile Iron Bend

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Tee

EBAA Iron MegaLug®

EBAA Iron MegaLug®

Fusible PVC™

EBAA Iron MegaLug®

Mechanical Joint
Ductile Iron Solid Sleeve

Note: All costs are estimates. This analysis is for comparison purposes only ‐ the contractor, engineer and/or owner should perform their own analysis for the 
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SECTION 02600 
 

FUSIBLE POLYVINYLCHLORIDE PIPE FOR INSTALLATION BY SLIPLINING 
 

PART 1 –GENERAL 

 
 
1.01 DESCRIPTION 

A SCOPE  

1. This section specifies fusible polyvinylchloride pipe, including standards for 
dimensionality, testing, quality, acceptable fusion practice, safe handling, storage 
and installation of the pipe by sliplining. 

B REQUIREMENTS: 

1. Contractor shall provide fusible polyvinylchloride pipe conforming to all standards 
and procedures, and meeting all testing and material properties as described in this 
specification for installation by sliplining.   

2. Contractor shall be responsible for all installation processes and procedures 
associated with the installation by sliplining in accordance with this specification. 

C PIPE DESCRIPTION  

1. Pipe Supplier shall furnish fusible polyvinylchloride pipe conforming to all standards 
and procedures, and meeting all testing and material properties as described in this 
specification.  

2. Pipe shall conform to the following dimensionality and general characteristics 
table: 

Pipe Description 
Nominal 
Diameter 

(in.) 
DR  Color 

Pressure 
Class 
(psi) 

Required Inner 
Diameter (in.) 

Potable Water  24”  25  Blue  165  23.61 

 

1.02 QUALITY ASSURANCE 

A REFERENCES: 

1. This section contains references to the following documents.  They are a part of 
this section as specified and modified.  Where a referenced document contains 
references to other standards, those other standards are included as references 
under this section as if referenced directly.  In the event of a conflict between the 
requirements of this section and those of the listed documents, the requirements 
of this section shall prevail. 

2. Unless otherwise specified, references to documents shall mean the documents in 
effect at the time of design, bid, or construction, whichever is earliest.  If 
referenced documents have been discontinued by the issuing organization, 
references to those documents shall mean the replacement documents issued or 
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otherwise identified by that organization or, if there are no replacement 
documents, the last version of the document before it was discontinued.   

3. Where document dates are given in the following listing, references to those 
documents shall mean the specific document version associated with that date, 
regardless of whether the document has been superseded by a version with a later 
date, discontinued or replaced. 

Reference  Title 

ANSI/AWWA 
C110/A21.10 

American National Standard for Ductile‐Iron and Gray‐Iron Fittings, 3‐inch through 48‐
inch, for Water and Other Liquids 

ANSI/AWWA 
C111/A21.11 

American National Standard for Rubber‐Gasket Joints for Ductile‐Iron Pressure Pipe 
and Fittings 

AWWA C605 
Standard for Underground Installation of Polyvinyl Chloride (PVC) Pressure Pipe and 
Fittings for Water 

AWWA C651  Standard for Disinfecting Water Mains 

AWWA C900  Standard for Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 in. 
through 12 in. (100mm Through 300mm), for Water Distribution 

AWWA C905  Standard for Polyvinyl Chloride (PVC Pressure Pipe and Fabricated Fittings, 14 in. 
through 48 in. (350mm Through 1200mm), for Water Distribution and Transmission 

AWWA M23  AWWA Manual of Supply Practices  PVC Pipe—Design and Installation, Second Edition 

ASTM C923  Standard Specification for Resilient Connectors Between Reinforced Concrete 
Manhole Structures, Pipes and Laterals 

ASTM D1784  Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) 
(CPVC) Compounds 

ASTM D1785  Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 

ASTM D2152 
Test Method for Degree of Fusion of Extruded 

Poly(Vinyl Chloride) (PVC) Pipe and Molded Fittings by Acetone Immersion 

ASTM D2241  Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR‐PR) 

ASTM D2665  Poly (Vinyl Chloride) (PVC) Plastic Drain, Waste, and Vent Pipe and Fittings 

ASTM D3034  Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and Fittings 

ASTM F477  Elastomeric Seals (Gaskets) for Joining Plastic Pipe 

ASTM F679  Standard Specification for Poly(Vinyl Chloride) (PVC) Large Diameter Plastic Gravity 
Sewer Pipe and Fittings 

ASTM F1057  Standard Practice for Estimating the Quality of Extruded Poly (Vinyl Chloride) (PVC) 
Pipe by the Heat Reversion Technique 

ASTM F1417  Standard Test Method for Installation Acceptance of Plastic Gravity Sewer Lines Using 
Low‐Pressure Air 

UNI‐B‐6  Recommended Practice for Low‐Pressure Air Testing of Installed Sewer Pipe 

UNI‐PUB‐08  Tapping Guide for PVC Pressure Pipe 
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Reference  Title 

NSF‐14  Plastics Piping System Components and Related Materials 

NSF‐61  Drinking Water System Components‐‐Health Effects 

PPI TR‐2  PVC Range Composition Listing of Qualified Ingredients 

 
B MANUFACTURER REQUIREMENTS 

1. All piping shall be made from PVC compound conforming to cell classification 
12454 per ASTM D1784. 

C FUSION TECHNICIAN REQUIREMENTS 

1. Fusion Technician shall be fully qualified by the pipe supplier to install fusible 
polyvinylchloride pipe of the type(s) and size(s) being used.  Qualification shall be 
current as of the actual date of fusion performance on the project. 

D SPECIFIED PIPE SUPPLIERS 

1. Fusible polyvinylchloride pipe shall be used as manufactured under the trade 
names Fusible C‐900®, Fusible C‐905®, and FPVC®, for Underground Solutions, Inc., 
Poway, CA, (858) 679‐9551.  Fusion process shall be as patented by Underground 
Solutions, Inc., Poway, CA, Patent No. 6,982,051.  Owner and engineer are aware of 
no other supplier of fusible polyvinylchloride pipe that is an equal to this specified 
pipe supplier and products. 

E WARRANTY 

1. The pipe shall be warranted for one year per the pipe supplier’s standard terms. 

2. In addition to the standard pipe warranty, the fusion services shall be warranted for 
one year per the fusion service provider’s standard terms. 

F PRE‐CONSTRUCTION SUBMITTALS 

1. The following PRODUCT DATA is required from the pipe supplier and/or fusion 
provider: 

1) Pipe Size 

2) Dimensionality 

3) Pressure Class per applicable standard 

4) Color 

5) Recommended Minimum Bending Radius 

6) Recommended Maximum Safe Pull Force 

7) Fusion technician qualification indicating conformance with this specification 

2. The following WORK PLAN AND INFORMATION is required from the contractor 
and/or slipline installer.  This WORK PLAN AND INFORMATION shall also be 
supplied to the pipe supplier, should it be requested: 

1) Work plan shall include for each sliplining installation all excavation locations, 
interfering utilities, excavation dimensions, flow bypass and traffic control 
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schematics. 

2) At least 2 weeks prior to the start of work, the Contractor shall submit its sliplining 
schedule identifying daily work hours and working dates for each installation. 

3) Grout design mixes, installation plan, and contingency plan for the annular 
space grout to be used, if grout is to be used for annular space fill. 

G POST‐CONSTRUCTION SUBMITTALS 

1. The following AS‐RECORDED DATA is required from the contractor and/or fusion 
provider to the owner or pipe supplier upon request: 

1) Approved datalogger device reports 

2) Fusion joint documentation containing the following information: 

a) Pipe Size and Thickness 

b) Machine Size 

c) Fusion Technician Identification 

d) Job Identification 

e) Fusion Joint Number 

f) Fusion, Heating, and Drag Pressure Settings 

g) Heat Plate Temperature 

h) Time Stamp 

i) Heating and Cool Down  Time of Fusion 

j) Ambient Temperature  

2. The following AS‐RECORDED DATA is required from the contractor and/or slipline 
installer to the owner or pipe supplier upon request: 

1) Grout testing reports, if grout is to be used for annular space fill. 

PART 2 – PRODUCTS 

 
2.01 FUSIBLE POLYVINYLCHLORIDE PRESSURE PIPE FOR POTABLE WATER 

A Fusible polyvinylchloride pipe shall conform to AWWA C900, AWWA C905, ASTM D2241 or 
ASTM D1785 for standard dimensions, as applicable.  Testing shall be in accordance with 
the referenced AWWA standards for all pipe types. 

B Fusible polyvinylchloride pipe shall be extruded with plain ends.  The ends shall be 
square to the pipe and free of any bevel or chamfer.  There shall be no bell or gasket of 
any kind incorporated into the pipe. 

C Fusible polyvinylchloride pipe shall be manufactured in a standard 40’ nominal length, 
or custom lengths as specified. 

D Fusible polyvinylchloride pipe shall be blue in color for potable water use.   

E Pipe generally shall be marked per AWWA C900, AWWA C905, ASTM D2241, or ASTM 
D1785, as applicable, and shall include as a minimum:   
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1. Nominal pipe size 

2. PVC 

3. Dimension Ratio, Standard Dimension Ratio, or Schedule 

4. AWWA pressure class or standard pressure rating for non‐AWWA pipe 

5. AWWA standard designation number or pipe type for non‐AWWA pipe 

6. NSF‐61 mark verifying suitability for potable water service 

7. Extrusion production‐record code 

8. Trademark or trade name  

9. Cell Classification 12454 and/or PVC material code 1120 may also be included 

F Pipe shall be homogeneous throughout and be free of visible cracks, holes, foreign 
material, blisters, or other visible deleterious faults. 

2.02 FUSIBLE POLYVINYLCHLORIDE PRESSURE PIPE FOR NON‐POTABLE WATER 

A Fusible polyvinylchloride pipe shall conform to AWWA C900, AWWA C905, ASTM D2241 or 
ASTM D1785 for standard dimensionality, as applicable.  Testing shall be in accordance 
with the referenced AWWA standards. 

B Fusible polyvinylchloride pipe shall be extruded with plain ends.  The ends shall be 
square to the pipe and free of any bevel or chamfer.  There shall be no bell or gasket of 
any kind incorporated into the pipe. 

C Fusible polyvinylchloride pipe shall be manufactured in a standard 40’ nominal length, 
or custom lengths as specified. 

D Fusible polyvinylchloride pipe shall be purple in color for reclaim, reuse, or other non‐
potable water distribution or conveyance. 

E Pipe generally shall be marked to include as a minimum:   

1. Nominal pipe size 

2. PVC 

3. Dimension Ratio, Standard Dimension Ratio, or Schedule 

4. Pressure class or standard pressure rating  

5. Standard designation number or pipe type 

6. Extrusion production‐record code 

7. Trademark or trade name  

8. Cell Classification 12454 and/or PVC material code 1120 may also be included 

9. For reclaim water service, the wording:  “Reclaimed Water, NOT for Potable Use” 

F Pipe shall be homogeneous throughout and be free of visible cracks, holes, foreign 
material, blisters, or other visible deleterious faults. 

2.03 FUSIBLE POLYVINYLCHLORIDE PRESSURE PIPE FOR WASTEWATER  

A Fusible polyvinylchloride pipe shall conform to AWWA C900, AWWA C905, ASTM D2241 or 
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ASTM D1785 for standard dimensionality, as applicable.  Testing shall be in accordance 
with the referenced AWWA standards. 

B Fusible polyvinylchloride pipe shall be extruded with plain ends.  The ends shall be 
square to the pipe and free of any bevel or chamfer.  There shall be no bell or gasket of 
any kind incorporated into the pipe. 

C Fusible polyvinylchloride pipe shall be manufactured in a standard 40’ nominal length, 
or custom lengths as specified. 

D Fusible polyvinylchloride pipe shall be green in color for wastewater use. 

E Pipe generally shall be marked to include as a minimum:   

1. Nominal pipe size 

2. PVC 

3. Dimension Ratio, Standard Dimension Ratio, or Schedule 

4. Pressure class or standard pressure rating  

5. Standard designation number or pipe type 

6. Extrusion production‐record code 

7. Trademark or trade name  

8. Cell Classification 12454 and/or PVC material code 1120 may also be included 

F Pipe shall be homogeneous throughout and be free of visible cracks, holes, foreign 
material, blisters, or other visible deleterious faults. 

2.04 FUSIBLE POLYVINYLCHLORIDE NON‐PRESSURE PIPE FOR WASTEWATER OR SURFACE WATER 

A Fusible polyvinylchloride pipe shall conform to ASTM D3034 or ASTM F679. 

B Fusible polyvinylchloride pipe may instead conform to AWWA C900 or AWWA C905, ASTM 
D2241 or ASTM D1785 for standard dimensionality, as applicable. 

C Fusible polyvinylchloride pipe shall be extruded with plain ends.  The ends shall be 
square to the pipe and free of any bevel or chamfer.  There shall be no bell or gasket of 
any kind incorporated into the pipe. 

D Fusible polyvinylchloride pipe shall be manufactured in a standard 40’ nominal length, 
or custom lengths as specified. 

E Fusible polyvinylchloride pipe shall be green in color for wastewater use.  Fusible 
polyvinylchloride pipe shall be white in color for surface or storm water use. 

F Pipe generally shall be marked to include as a minimum:   

1. Nominal pipe size 

2. PVC 

3. Dimension Ratio, Standard Dimension Ratio, or Schedule 

4. Pressure class or standard pressure rating  

5. Standard designation number or pipe type 

6. Extrusion production‐record code 
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7. Trademark or trade name  

8. Cell Classification 12454 and/or PVC material code 1120 may also be included 

G Pipe shall be homogeneous throughout and be free of visible cracks, holes, foreign 
material, blisters, or other visible deleterious faults. 

2.05 FUSION JOINTS 

A Unless otherwise specified, fusible polyvinylchloride pipe lengths shall be assembled in 
the field with butt‐fused joints.  The Contractor shall follow the pipe supplier’s written 
guidelines for this procedure.  All fusion joints shall be completed as described in this 
specification. 

2.06 CONNECTIONS AND FITTINGS FOR PRESSURE APPLICATIONS 

A Connections shall be defined in conjunction with the coupling of project piping, as well 
as the tie‐ins to other piping systems. 

B DUCTILE IRON MECHANICAL AND FLANGED FITTINGS 

Acceptable fittings for use with fusible polyvinylchloride pipe shall include standard 
ductile iron fittings conforming to AWWA/ANSI C110/A21.10 and AWWA/ANSI 
C111/A21.11. 

1. Connections to fusible polyvinylchloride pipe may be made using a restrained or 
non‐restrained retainer gland product for PVC pipe, as well as for MJ or flanged 
fittings. 

2. Bends, tees and other ductile iron fittings shall be restrained with the use of thrust 
blocking or other means as indicated in the construction documents. 

3. Ductile iron fittings and glands must be installed per the manufacturer’s guidelines. 

C PVC GASKETED, PUSH‐ON FITTINGS 

Acceptable fittings for use with fusible polyvinylchloride pipe shall include standard PVC 
pressure fittings conforming to AWWA C900 or AWWA C905. 

1. Acceptable fittings for use joining fusible polyvinylchloride pipe other sections of 
fusible polyvinylchloride pipe or other sections of PVC pipe shall include gasketed 
PVC, push‐on type couplings and fittings, including bends, tees, and couplings as 
shown in the drawings. 

2. Bends, tees and other PVC fittings shall be restrained with the use of thrust 
blocking or other restraint products as indicated in the construction documents. 

3. PVC gasketed, push‐on fittings and mechanical restraints, if used, must be installed 
per the manufacturer’s guidelines. 

D FUSIBLE POLYVINYL CHLORIDE SWEEPS OR BENDS 

1. Fusible polyvinyl chloride sweeps or bends shall conform to the same sizing 
convention, diameter, dimensional tolerances and pressure class of the pipe being 
joined using the sweep or bend. 

2. Fusible polyvinyl chloride sweeps or bends shall be manufactured from the same 
fusible polyvinyl chloride pipe being used for the installation, and shall have at least 
2 feet of straight section on either end of the sweep or bend to allow for fusion of 
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the sweep to the pipe installation.  There shall be no gasketed connections utilized 
with a fusible polyvinyl chloride sweep. 

3. Standard fusible polyvinyl chloride sweep or bend angles shall not be greater than 
22.5 degrees, and shall be used in nominal diameters ranging from 4 inch through 
16 inch. 

E SLEEVE‐TYPE COUPLINGS 

1. Sleeve‐type mechanical couplings shall be manufactured for use with PVC pressure 
pipe, and may be restrained or unrestrained as indicated in the construction 
documents.   

2. Sleeve‐type couplings shall be rated at the same or greater pressure carrying 
capacity as the pipe itself. 

F EXPANSION AND FLEXIBLE COUPLINGS 

1. Expansion‐type mechanical couplings shall be manufactured for use with PVC pipe, 
and may be restrained or unrestrained as indicated in the construction documents. 

2. Expansion‐type mechanical couplings shall be rated at the same or greater pressure 
carrying capacity as the pipe itself. 

G CONNECTION HARDWARE 

Bolts and nuts for buried service shall be made of non‐corrosive, high‐strength, low‐
alloy steel having the characteristics specified in ANSI/AWWA C111/A21.11, regardless 
of any other protective coating. 

2.07 CONNECTIONS FOR GRAVITY SANITARY SEWER AND NON‐PRESSURE APPLICATIONS 

A The following connections are to be used in conjunction with tie‐ins to other non‐
pressure, gravity sewer piping and/or structures, and shall be as indicated in the 
construction documents. 

B PVC GASKETED, PUSH‐ON COUPLINGS 

1. Acceptable couplings for joining fusible polyvinylchloride pipe to other sections of 
fusible polyvinylchloride pipe or other sections of PVC pipe shall include gasketed 
PVC, push‐on type couplings as indicated in the construction documents. 

2. PVC gasketed, push‐on fittings and/or restraint hardware must be installed per the 
manufacturer’s guidelines. 

C FUSIBLE POLYVINYL CHLORIDE SWEEPS OR BENDS 

1. Fusible polyvinyl chloride sweeps or bends shall conform to the same sizing 
convention, diameter, dimensional tolerances and pressure class of the pipe being 
joined using the sweep or bend. 

2. Fusible polyvinyl chloride sweeps or bends shall be manufactured from the same 
fusible polyvinyl chloride pipe being used for the installation, and shall have at least 
2 feet of straight section on either end of the sweep or bend to allow for fusion of 
the sweep to the pipe installation.  There shall be no gasketed connections utilized 
with a fusible polyvinyl chloride sweep. 

3. Standard fusible polyvinyl chloride sweep or bend angles shall not be greater than 
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22.5 degrees, and shall be used in nominal diameters ranging from 4 inch through 
16 inch. 

D SLEEVE‐TYPE COUPLINGS 

1. Sleeve‐type mechanical couplings shall be manufactured for use with PVC pipe, and 
may be restrained or unrestrained as indicated in the construction documents. 

E EXPANSION AND FLEXIBLE COUPLINGS 

1. Expansion‐type mechanical couplings shall be manufactured for use with PVC pipe, 
and may be restrained or unrestrained as indicated in the construction documents. 

F CONNECTION HARDWARE 

1. Bolts and nuts for buried service shall be made of non‐corrosive, high‐strength, 
low‐alloy steel having the characteristics specified in ANSI/AWWA C111/A21.11, 
regardless of any other protective coating. 

G CONNECTION TO SANITARY SEWER MANHOLES AND STRUCTURES 

1. Fusible polyvinylchloride pipe shall be connected to manholes and other structures 
to provide a leak‐free, properly graded flow into or out of the manhole or 
structure. 

2. Connections to existing manholes and structures shall be as indicated in the 
construction documents. 

1) For a cored or drilled opening provide a flexible, watertight connection that 
meets and/or exceeds ASTM C923. 

2) For a knock out opening, provide a watertight connection (waterstop or other 
method) meeting the material requirements of ASTM C923 that is securely 
attached to the pipe with stainless steel bands or other means. 

3) Grout opening in manhole wall with non‐shrink grout.  Pour concrete collar 
around pipe and outside manhole opening.  Provide flexible pipe joint or flexible 
connector within 2 feet of the collar. 

3. Connections to a new manhole or structure shall be as indicated in the construction 
documents. 

1)  A flexible, watertight gasket per ASTM C 923 shall be cast integrally with riser 
section(s) for all precast manhole and structures. 

2) Drop connections shall be required where shown on drawings.  

3) Grout internal joint space with non‐shrink grout. 

2.08 GROUT 

A Grout for use as a filler of the annular space between the fusible polyvinylchloride pipe 
and the host pipe shall be a low‐density, highly flowable mix.  Grout shall meet the 
compressive strength requirements for the installation per the contract documents. 

B Testing requirements shall be in accordance with the contract documents.  Contractor 
may incorporate grout additives to improve its flow properties, provided that strength 
property requirements are met. 
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2.09 PIPE PULL HEADS 

A Pipe pull heads, if utilized, shall employ a positive through‐bolt design assuring a smooth 
walled bolt against the pipe cross‐section at all times. 

B Pipe pull heads shall be specifically designed for use with fusible polyvinylchloride pipe, 
and shall be as recommended by the pipe supplier. 

2.10 PIPE ROLLERS 

A Pipe rollers, if required, shall be of sufficient size to fully support the weight of the pipe 
during handling and pullback operations. 

B A sufficient quantity of rollers and spacing, per the pipe supplier’s guidelines shall be 
used to assure adequate support and resist excessive sagging of the product pipe. 

PART 3 ‐‐EXECUTION 

 

3.01 DELIVERY AND OFF‐LOADING 

A All pipe shall be bundled or packaged in such a manner as to provide adequate 
protection of the ends during transportation to the site.  Any pipe damaged in shipment 
shall be replaced as directed by the owner or engineer. 

B Each pipe shipment should be inspected prior to unloading to see if the load has shifted 
or otherwise been damaged.  Notify owner or engineer immediately if more than 
immaterial damage is found.  Each pipe shipment should be checked for quantity and 
proper pipe size, color, and type.  

C Pipe should be loaded, off‐loaded, and otherwise handled in accordance with AWWA 
M23, and all of the pipe supplier’s guidelines shall be followed. 

D Off‐loading devices such as chains, wire rope, chokers, or other pipe handling 
implements that may scratch, nick, cut, or gouge the pipe are strictly prohibited. 

E During removal and handling, be sure that the pipe does not strike anything.  Significant 
impact could cause damage, particularly during cold weather. 

F If appropriate unloading equipment is not available, pipe may be unloaded by removing 
individual pieces.  Care should be taken to insure that pipe is not dropped or damaged.  
Pipe should be carefully lowered, not dropped, from trucks. 

3.02 HANDLING AND STORAGE 

A Any length of pipe showing a crack or which has received a blow that may have caused 
an incident fracture, even though no such fracture can be seen, shall be marked as 
rejected and removed at once from the work.  Damaged areas, or possible areas of 
damage may be removed by cutting out and removing the suspected incident fracture 
area.  Limits of the acceptable length of pipe shall be determined by the owner or 
engineer. 

B Any scratch or gouge greater than 10% of the wall thickness will be considered 
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significant and can be rejected unless determined acceptable by the owner or engineer. 

C Pipe lengths should be stored and placed on level ground.  Pipe should be stored at the 
job site in the unit packaging provided by the manufacturer.  Caution should be 
exercised to avoid compression, damage, or deformation to the ends of the pipe.  The 
interior of the pipe, as well as all end surfaces, should be kept free from dirt and foreign 
matter. 

D Pipe shall be handled and supported with the use of woven fiber pipe slings or approved 
equal.  Care shall be exercised when handling the pipe to not cut, gouge, scratch or 
otherwise abrade the piping in any way.   

E If pipe is to be stored for periods of 1 year or longer, the pipe should be shaded or 
otherwise shielded from direct sunlight.  Covering of the pipe which allows for 
temperature build‐up is strictly prohibited.  Pipe should be covered with an opaque 
material while permitting adequate air circulation above and around the pipe as 
required to prevent excess heat accumulation. 

F Pipe shall be stored and stacked per the pipe supplier’s guidelines. 

 
3.03 FUSION PROCESS 

A GENERAL  

1. Fusible polyvinylchloride pipe will be handled in a safe and non‐destructive manner 
before, during, and after the fusion process and in accordance with this 
specification and pipe supplier’s guidelines. 

2. Fusible polyvinylchloride pipe will be fused by qualified fusion technicians, as 
documented by the pipe supplier.     

3. Each fusion joint shall be recorded and logged by an electronic monitoring device 
(data logger) connected to the fusion machine.   

4. Only appropriately sized and outfitted fusion machines that have been approved by 
the pipe supplier shall be used for the fusion process.  Fusion machines must 
incorporate the following elements: 

a) HEAT PLATE ‐ Heat plates shall be in good condition with no deep gouges or 
scratches.  Plates shall be clean and free of any debris or contamination.  
Heater controls shall function properly; cord and plug shall be in good 
condition.  The appropriately sized heat plate shall be capable of maintaining 
a uniform and consistent heat profile and temperature for the size of pipe 
being fused, per the pipe supplier’s guidelines. 

b) CARRIAGE – Carriage shall travel smoothly with no binding at less than 50 psi.  
Jaws shall be in good condition with proper inserts for the pipe size being 
fused.  Insert pins shall be installed with no interference to carriage travel. 

c) GENERAL MACHINE ‐ Overview of machine body shall yield no obvious 
defects, missing parts, or potential safety issues during fusion. 

d) DATA LOGGING DEVICE – An approved datalogging device with the current 
version of the pipe supplier’s recommended and compatible software shall be 
used.  Datalogging device operations and maintenance manual shall be with 
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the unit at all times.  If fusing for extended periods of time, an independent 
110V power source shall be available to extend battery life. 

5. Other equipment specifically required for the fusion process shall include the 
following: 

a) Pipe rollers shall be used for support of pipe to either side of the machine 

b) A weather protection canopy that allows full machine motion of the heat 
plate, fusion assembly and carriage shall be provided for fusion in inclement, 
extreme temperatures, and /or windy weather, per the pipe supplier’s 
recommendations. 

c) An infrared (IR) pyrometer for checking pipe and heat plate temperatures. 

d) Fusion machine operations and maintenance manual shall be kept with the 
fusion machine at all times. 

e) Facing blades specifically designed for cutting fusible polyvinylchloride pipe 
shall be used. 

B JOINT RECORDING 

Each fusion joint shall be recorded and logged by an electronic monitoring device (data 
logger) connected to the fusion machine.  The fusion data logging and joint report shall 
be generated by software developed specifically for the butt‐fusion of fusible polyvinyl 
chloride pipe.  The software shall register and/or record the parameters required by the 
pipe supplier and these specifications.  Data not logged by the data logger shall be 
logged manually and be included in the Fusion Technician’s joint report. 

3.04 PIPE CLEANING 

A Host pipe shall be cleaned in accordance with all applicable standards and guidelines.  
Unless otherwise specified, all interior pipe surfaces shall be cleaned per AWWA M28. 

B Hazardous materials shall be removed and disposed of per all applicable regulations. 

C All pipelines shall be cleaned with as many passes as necessary to create a uniform 
interior host pipe surface free of all loose material and sharp edges. Any potentially 
deleterious areas of the host pipe should be removed or secured in place, prior to the 
insertion of the fusible polyvinylchloride pipe. 

3.05 TV INSPECTION 

A The host pipe shall be inspected by TV after or during the cleaning process in 
accordance with these specifications.   

1. TV inspection after host pipe cleaning shall indicate condition of host pipe and 
suitability of host pipe for fusible polyvinylchloride pipe insertion.   

2. Obstructions such as corporation taps, valves and valve bodies, and collapsed 
piping shall be remedied prior to insertion.  Spot repairs shall be made in 
accordance with the drawings and these specifications. 

3.06 FUSIBLE POLYVINYLCHLORIDE PIPE INSERTION AND INSTALLATION 

A EXCAVATION AND ACCESS PITS 

1. Access pit length shall be such that the minimum bending radius for the fusible 
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polyvinylchloride pipe, per the pipe supplier is maintained.  Sheeting, shoring and 
bracing requirements shall be in accordance with these specifications and 
applicable jurisdictional standards. 

2. Access pit excavations shall be performed at all points where the fusible 
polyvinylchloride pipe will be inserted into the existing pipeline.  When possible, 
access pit excavations shall coincide with host pipe lateral connection points or 
other appurtenance installations. 

B PULLING EQUIPMENT 

1. The pulling mechanism shall be properly connected to the end of the fusible 
polyvinylchloride pipe via a pulling head or arrangement approved by the pipe 
supplier.   

2. The maximum pulling tension on the fusible polyvinylchloride pipe shall not exceed 
the pipe supplier’s safe pulling force as submitted for this project. 

3. Immediately following the completion of an installation by sliplining, if possible, the 
pipe should be pushed back into the location of the insertion, at the pulling head, 
until a small amount of movement is realized at the insertion pit on the other side 
of the installation from the pulling equipment. 

C FUSIBLE POLYVINYLCHLORIDE PIPE CARE 

1. The fusible polyvinylchloride pipe shall be handled with care to minimize the 
possibility of it being cut, kinked, gouged, or otherwise damaged.  The use of cables 
or hooks will not be permitted.   

2. Sections of the fusible polyvinylchloride pipe damaged, cut, or gouged shall be 
repaired by cutting out the section of damaged pipe and rejoining. 

3.07 ANNULAR SPACE GROUTING 

A If required, the annular space between the outside of the fusible polyvinylchloride pipe 
and the inside of the existing host pipe shall be filled with a flowable grout in 
accordance with the contract documents.   

B If required, samples of grout shall be obtained in accordance with ASTM C495.  One set 
of four standard cylinders shall be cast for each batch.  Special handling and sampling 
procedures shall be followed if indicated by the grout manufacturer.  The samples must 
meet the design compressive strength of the grout as outlined in this specification and 
per the grout manufacturer.  Samples shall be tested in accordance with ASTM C495. 

C Grouting of the annular space shall be done in such a manner as to prevent damage, 
floating, or collapse of the fusible polyvinylchloride pipe.  Grouting operations shall be 
properly vented.  If the distance between grout points exceeds the Contractor's 
pumping capability additional grouting points shall be excavated.  The fusible 
polyvinylchloride pipe at access pits, service connections, and grouting points shall not 
be grouted above the springline of the existing host pipe. 

D The fusible polyvinylchloride pipe shall be filled with water prior to the grouting 
procedure. This shall aid in keeping the fusible polyvinylchloride pipe from floating or 
collapsing during grouting operation and also aid in dissipating the heat of hydration 
and its effects on the fusible polyvinylchloride pipe as the grout cures.  This can be done 
in coordination with the testing performed on the fusible polyvinylchloride pipe. 
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3.08 PREPARATION PRIOR TO MAKING CONNECTIONS INTO EXISTING PIPING SYSTEMS 

A Approximate locations for existing piping systems are shown in the construction 
documents.  Prior to making connections into existing piping systems, the contractor 
shall: 

1. Field verify location, size, piping material, and piping system of the existing pipe. 

2. Obtain all required fittings, which may include saddles, sleeve type couplings, 
flanges, tees, or others as shown in the construction documents. 

3. Have installed all temporary pumps and/or pipes in accordance with established 
connection plans. 

B Unless otherwise approved, new piping systems shall be completely assembled and 
successfully tested prior to making connections into existing pipe systems. 

3.09 PIPE SYSTEM CONNECTIONS 

A Pipe connections shall be installed per applicable standards and regulations, as well as 
per the connection manufacturer’s guidelines and as indicated in the construction 
documents.  Pipe connections to structures shall be installed per applicable standards 
and regulations, as well as per the connection manufacturer’s guidelines. 

3.10 TAPPING FOR POTABLE AND NON‐POTABLE WATER APPLICATIONS 

A Tapping shall be performed using standard tapping saddles designed for use on PVC 
piping in accordance with AWWA C605.  Tapping shall be performed only with use of tap 
saddles or sleeves.  NO DIRECT TAPPING WILL BE PERMITTED.  Tapping shall be 
performed in accordance with the applicable sections for Saddle Tapping per Uni‐Pub‐8. 

B  All connections requiring a larger diameter than that recommended by the pipe 
supplier, shall be made with a pipe connection as specified and indicated on the 
drawings. 

C Equipment used for tapping shall be made specifically for tapping PVC pipe: 

1. Tapping bits shall be slotted “shell” style cutters, specifically made for PVC pipe.  
‘Hole saws’ made for cutting wood, steel, ductile iron, or other materials are strictly 
prohibited. 

2. Manually operated or power operated drilling machines may be used. 

D Taps may be performed while the pipeline is filled with water and under pressure (‘wet’ 
tap,) or when the pipeline is not filled with water and not under pressure (‘dry’ tap). 

3.11 TESTING 

A Testing shall comply with all applicable jurisdictional building codes, statutes, standards, 
regulations, and laws. 

B HYDROSTATIC TESTING AND LEAKAGE TESTING FOR PRESSURE PIPING 

1. Hydrostatic and leakage testing for piping systems that contain mechanical jointing 
as well as fused PVC jointing shall comply with AWWA C605.  

2. Unless agreed to or otherwise designated by the owner or engineer, for a 
simultaneous hydrostatic and leakage test following installation, a pressure equal 
to 150% of working pressure at point of test, but not less than 125% of normal 
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working pressure at highest elevation shall be applied.  The duration of the 
pressure test shall be for two (2) hours. 

3. If hydrostatic testing and leakage testing are performed at separate times, follow 
procedures as outlined in AWWA C605. 

4. In preparation for pressure testing the following parameters must be followed: 

1) All air must be vented from the pipeline prior to pressurization.  This may be 
accomplished with the use of the air relief valves or corporation stop valves, 
vent piping in the testing hardware or end caps, or any other method which 
adequately allows air to escape the pipeline at all high points.  Venting may also 
be accomplished by ‘flushing’ the pipeline in accordance with the parameters 
and procedures as described in AWWA C605. 

2) The pipeline must be fully restrained prior to pressurization.  This includes 
complete installation of all mechanical restraints per the restraint 
manufacturer’s guidelines, whether permanent or temporary to the final 
installation.  This also includes the installation and curing of any and all required 
thrust blocking.  All appurtenances included in the pressure test, including 
valves, blow‐offs, and air‐relief valves shall be checked for proper installation 
and restraint prior to beginning the test. 

3) Temporary pipeline alignments that are being tested, such as those that are 
partially installed in their permanent location shall be configured to minimize 
the amount of potentially trapped air in the pipeline. 

C LEAKAGE TESTING FOR NON‐PRESSURE PIPING 

1. Gravity sanitary sewers that contain mechanical jointing in addition to fused PVC 
joints may need to be tested for excessive leakage.  

2. Gravity sanitary sewer leakage testing may include appropriate water or low 
pressure air testing.  The leakage outward or inward (exfiltration or infiltration) 
shall not exceed 25 gallons per inch of pipe diameter per mile per day for any 
section of the system.  An exfiltration or infiltration test shall be performed with a 
minimum positive head of two feet.  The air test, if used, shall be conducted in 
accordance with one of the following Standards: 

1) ASTM F1417  

2) UNI‐B‐6 

3. The testing method selected shall properly consider the existing groundwater 
elevations during the test. 

D DEFLECTION TESTING FOR NON‐PRESSURE PIPING 

1. After completion of the backfill, the engineer or owner may require that a 
deflection test be performed. 

2. Deflection tests should be conducted using a go/no‐go mandrel.  The mandrel’s 
outside dimension shall be sized to permit no more than 7.5 percent deflection.  
The percent deflection shall be established from the base inside diameter of the 
pipe.  If the internal beading of the fused joints for the pipe is not required to be 
removed, the mandrel shall account for this clearance as well.  The mandrel shall 
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be approved by the owner or engineer prior to use.  Lines that permit safe entry 
may allow other deflection test options, such as direct measurements. 

E DISINFECTION OF THE PIPELINE FOR POTABLE WATER PIPING 

1. After installation, the pipeline, having passed all required testing, shall be 
disinfected prior to being put into service.  Unless otherwise directed by the owner 
or engineer, the pipeline will be disinfected per AWWA C651. 

F PARTIAL TESTING 

1. Segments of the pipe may be tested separately in accordance with standard testing 
procedure, as approved by the owner and engineer. 

 
**END OF SECTION** 
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California-Nevada State Profile  

 www.undergroundsolutions.com 
 

Over 100 Water, Wastewater and Reuse Pipeline Projects Completed 
Throughout California and Nevada with Fusible PVC™ Pipe Systems 

 

Since its introduction in California and Nevada in 2006, over 100 pipeline projects have been completed 
throughout these neighboring states utilizing Underground Solutions’ Fusible PVC™ pipe technology.  Fusible 
PVC™ pipe has been installed via horizontal directional drilling (HDD), sliplining, pipe bursting, jack & bore, 
and direct bury installations.  Municipalities have achieved significant savings while realizing the benefits of a 
leak-free, fully-restrained, fused PVC pipe system that is easy to maintain.  Project pipe sizes have varied 
from 4” to 27” in diameter with over 200,000 LF installed or currently under contract. 
 
Until 2006, the primary pipe material used for trenchless applications was HDPE.  With the advent of Fusible 
PVC™ pipe, utility owners, design engineers, and contractors now have the alternative of a thermally butt 
fused PVC pipe system incorporating the advantages and familiarity of AWWA C900/C905 PVC pipe.  With 
PVC pipe already prevalent in many utility systems as the incumbent pipe material, Fusible PVC™ pipe allows 
utilities to maintain material continuity when faced with trenchless or direct bury restrained joint applications.   
 
Fusible PVC™ pipe provides several advantages, including the ability to utilize standard ductile iron fittings 
and/or PVC appurtenances to easily reconnect to ductile iron or PVC bell-and-spigot pipe, eliminating the 
need for expensive specialized fittings and transition pieces required when using HDPE pipe.  With a tensile 
strength and Hydrostatic Design Basis (HDB) approximately 2.5 times greater than HDPE, Fusible PVC™ 
pipe is able to provide an equivalent ID and working pressure with a smaller pipe OD versus HDPE pipe.  The 
reduction in pipe OD reduces borehole size in HDD and soil displacement in pipe burst applications.  In 
sliplining applications Fusible PVC™ pipe provides a fully structural replacement pipe (independent of the host 
pipe) while providing greater ID and flow capacity compared to HDPE pipe at a given pressure class, lowering 
annual pumping and operating costs. 
  
With reduced material and installation costs, Fusible PVC™ pipe systems have repeatedly produced savings 
to utility owners in competitive bidding ranging from 5% to 30% of total project value depending on project 
scope.  Fusible PVC™ pipe has routinely been placed into Caltrain and California Department of 
Transportation (Caltrans) right-of-ways, crossing under major freeways including I-5, I-10, I-880, I-605, 
Highway 101, Highway 1, and Highway 29. 
 
Select End Users: American Canyon; Army Corp of Engineers; City of Anderson; City of Blythe; California 
Water Service Company; Central Contra Costa Sanitation District; City of Burlingame; City of Davis; Delta 
Diablo Sanitation District; East Bay Municipal Utility District (EBMUD); Eastern Municipal Water District 
(EMWD); City of Fernley, NV; City of Fresno; Gardnerville, NV; City of Hayward; City of Hollister; Irvine Ranch 
Water District; City of Laguna Beach; City of Mesquite, NV; City of Milpitas; Minden, NV; City of Monterey; City 
of Napa; North Marin Water District; City of Oceanside; Olivenhain Water District; City of Petaluma; City of 
San Bernardino; City of San Diego; San Gabriel Valley Water Co.; San Jose Water Company; City of Santa 
Clara; City of Santa Cruz; City of Santa Rosa; Scripps Oceanographic Institute; Shell Oil Co.; City of South 
San Francisco; City of Sunnyvale; South Tahoe Public Utility District; Sweetwater Authority.   
 
Select Engineers: BKF Engineers; Brelje & Race; Dodson Psomas; Dudek; EBMUD; City of Hayward; HDR; 
Infrastructure Engineering Corp.; Kimley-Horn & Associates, Inc.; Nolte & Associates, Inc.; Psomas; RBF 
Consulting; RMC Water & Environment; Tetra Tech, Inc.; URS; Wilsey Ham; Winzler & Kelly. 
 
Select Mainline Contractors: Arizona Pipeline Co.; Granite Construction; KG Walters; JMB Construction, 
Inc.; KJ Woods Construction, Inc.; Lewis & Tibbetts, Inc.; Mountain Cascade, Inc.; NEWest Construction 
Company, Inc.; North Bay Construction; Preston Pipelines; Pipeline Excavators; Somerville Construction; 
Steve Bubalo Construction Co.; Tennyson Electric; TC Construction; West Valley Construction Company, Inc. 
 
Select HDD Contractors: California Boring; Cross Country HDI; Golden State Boring; Inland Valley 
Engineering, Inc.; J.C. Drilling; Northern Directional Drilling, Inc.; Silver State Boring, Inc.; Wells Construction. 
  

Underground Solutions, Inc. (UGSI) provides infrastructure technologies for water/wastewater applications. UGSI’s Fusible PVC™ products, 
including Fusible C-900 , Fusible C-905  and FPVC™® ® , contain a proprietary PVC formulation that, when combined with UGSI’s patented 
fusion process, results in a monolithic, fully-restrained, gasket-free, leak-free piping system. UGSI’s Duraliner™ is a patented, close-fit 
pipeline renewal system creating a stand-alone structural liner.  31 of 41
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California Water Service Co.: 
5,220’ 16” Potable Water; Slipline 

Burlingame: 7,000’ 12” – 27” 
Sanitary Sewer; Pipe Burst, 

Jack & Bore, Direct Bury 

 
  
 

American Canyon: 3,000’ 18” 
Force Main; HDD & Direct Bury 

 
 
 
 
 
 
       
 
   
 
 
 
 
 
 
 
 

Sunnyvale: 1,000’ 
20” Potable Water; 

Slipline 

San Ramon: 7,000’ 
16” Reuse; HDD & 

Direct Bury 

S. San Francisco: 
9,200’ 10” – 27” SS; 
Pipe Burst & HDD 

 Milpitas: 12,000’ 
 4” & 8” Potable 

Water; HDD 

 
 
 
 
 
 
 
 
 
           
 

 
 
 
 
 
 

Fernley, NV: 1,440’ 24” 
Potable Water/Reuse; HDD 

 
 
 

Hollister: 4,000’ 20” Reuse; 
Direct Bury 

Santa Cruz: 2,000’ 18” Potable 
Water; Slipline 

 
For additional information regarding projects in Northern CA or Northern NV, please contact Rob Craw 

at (925) 577-7566 or rcraw@undergroundsolutions.com
 

Underground Solutions, Inc. (UGSI) provides infrastructure technologies for water/wastewater applications. UGSI’s Fusible PVC™ products, 
including Fusible C-900 , Fusible C-905  and FPVC™® ® , contain a proprietary PVC formulation that, when combined with UGSI’s patented 
fusion process, results in a monolithic, fully-restrained, gasket-free, leak-free piping system. UGSI’s Duraliner™ is a patented, close-fit 
pipeline renewal system creating a stand-alone structural liner.   
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City of Blythe: 
16” Potable Water; Slipline 

 
 
 

Scripps Institute of Oceanography: 
 8” Sea Water Return; HDD  

   City of San Diego: 
         8” Gravity Sewer; HDD

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 City of Laguna Beach: 

10” Fusible Sweeps 
Force Main; Open Cut 

City of Corona: 
16” Potable Water; 

Slipline 

City of San Bernardino: 
12” Potable Water; 

Slipline 

 
 
 

 

City of Laguna Beach: 
20” Force Main; Slipline 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 Beverly Hills:  

16” Potable Water; Duraliner™ 
Mesquite, NV: 

16” Reuse; Direct Bury  
 

City of Solana Beach: 
12” Force Main; Duraliner™ 

For additional information regarding projects in Southern California or Southern Nevada, please contact Dave 
Weinbaum at (858) 442-2559 or dweinbaum@undergroundsolutions.com

 

Underground Solutions, Inc. (UGSI) provides infrastructure technologies for water/wastewater applications. UGSI’s Fusible PVC™ products, 
including Fusible C-900 , Fusible C-905  and FPVC™® ® , contain a proprietary PVC formulation that, when combined with UGSI’s patented fusion 
process, results in a monolithic, fully-restrained, gasket-free, leak-free piping system. UGSI’s Duraliner™ is a patented, close-fit pipeline renewal 
system creating a stand-alone structural liner.   
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Over One-Half Million Feet of Water & Wastewater Pipelines 
Renewed via Sliplining Using Fusible PVC™ Pipe  

 

With many older water and wastewater pipelines now surrounded by adjacent utilities or located beneath ever 
busier roadways, sliplining offers a low-dig replacement solution that reduces construction risk and minimizes 
disruption to the public.  Difficulties with accessing congested utility corridors via open-cut, combined with 
escalating restoration expenses, make sliplining a cost effective and environmentally attractive design 
alternative to direct bury replacement.   
 

Prior to 2004, pipeline rehabilitation was primarily accomplished using liners such as cured-in-place-pipe 
(CIPP), epoxy coatings, cement mortar lining, or swaged/folded HDPE.  While popular in gravity sewer and 
other non-pressurized pipe rehabilitation, lining solutions are often limited in water transmission/distribution lines 
and many force mains where higher pressures are common.  Liners typically rely to some degree on the host 
pipe and are generally not stand-alone systems.  While HDPE liners may provide a stand-alone structural 
system, pipe wall thickness increases rapidly with escalating pressure requirements, sacrificing ID and 
constricting flow. 
 

PVC pipe’s high strength-to-weight ratio, long-life, corrosion resistance, and flexibility have made it a popular 
and preferred sliplining alternative.  Fusible PVC™ pipe systems provide a structural solution free of reliance on 
the deteriorating host pipe while preserving high flow capacity.  PVC pipe has excellent resistance to the 
oxidizing effects of chlorine based disinfectants, and PVC pipes have superior resistance to gasoline and 
gasoline saturated groundwater.  These qualities make Fusible PVC™ pipe systems an ideal choice to ensure 
safe, reliable drinking water conveyance, while PVC’s chemical resistance makes it an effective, long-term 
solution for deteriorating concrete, steel, and ductile iron wastewater lines. 
 

Since its introduction in 2004, Fusible PVC™ pipe has been successfully utilized in over 200 sliplining projects 
and is increasingly sole source specified due to its unique advantages in preserving maximum flow capacity 
while providing a fully structural, long-term renewal solution independent of host pipe condition. 
 
Milestones: 
 

• Over one-half million LF sliplined (4” – 30” carrier pipe diameter) 
• More than 200 projects completed, over 1,000 separate pulls 
• Continuous pulls of 3,510’ (12”), 3,200’ (16”), 2,200’ (24”), 1,810’ (30”)  

  

Advantages of Fusible PVC™ Pipe: 
 

• Use standard fittings to reconnect to PVC and ductile iron pipe 
o Eliminates electro-fused couplings or in-pit fusion of adaptors 
o Simplifies maintenance and fittings inventory 
 

• Significantly greater flow capacity  
o Larger ID for equal OD and pressure versus HDPE (≥ 25%) 
o PVC C-Factor of 150 often offsets ID reduction 
 

• Fully stand-alone structural solution 
o No reliance upon host pipe for pressure rating 
 

• Enables downsizing of casings due to smaller OD 
o Smaller OD for similar ID and pressure class versus HDPE 

 

• Greater pull strength and less pipe weight 
o More than 2X the tensile strength and pull force of HDPE 
o Enables longer pulls requiring fewer installation pits 
o No relaxation period required for reconnection 

 
 

Slipline Profile 
 

Fusible C-900® ● Fusible C-905® ● FPVC®  
    

www.undergroundsolutions.com 

® 

Underground Solutions, Inc. (UGSI) provides infrastructure technologies for water/wastewater applications. UGSI’s Fusible PVC™ products, including 
Fusible C-900®, Fusible C-905® and FPVC®, contain a proprietary PVC formulation that, when combined with UGSI’s patented fusion process, 
results in a monolithic, fully-restrained, gasket-free, leak-free piping system. UGSI’s Duraliner™ is a patented, close-fit pipeline renewal system 
creating a stand-alone structural liner.   34 of 41



              
 

 
 

       
 
 
 
          
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Select Slipline Projects 
   

Fusible C-900® ● Fusible C-905® ● FPVC®  
   

www.undergroundsolutions.com 

Secaucus, NJ: 2,680’ of 14” 

El Paso, TX: 16,460’ of 24” 

Helena, MT: 5,100’ of 16” 

Hamilton, OH: 4,540’ of 20” 

Harrisburg, PA: 3,510’ of 12” Newport, RI: 3,890’ of 30” 

Atherton, CA: 5,260’ of 16” 

Laguna Beach, CA: 1,280’ of 20” 

Albuquerque, NM: 3,960’ of 14” & 16” 

Bremerton, WA: 42,000’ 8”, 10” & 16”  

Bakersfield, CA: 16,000’ of 24” South Jordan, UT: 1,400’ of 30” 
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Applications: 
Water Mains (AWWA C900, C905) 
Sewer - Gravity and Force Mains 
Process and Raw Water 
Water Reuse 
Storm Drains 
Conduit 
Casings 

   

Features and Benefits: 
Monolithic, fully-restrained pipe system 

Gasket-free, leak-free joints 

Uses readily available standard waterworks fittings 

PVC is the most widely accepted pipe material used in 
water systems today 

Recommended safe pulling allowance greater than 
HDPE for similar ID and pressure class 

Recommended safe pulling force greater than jointed 
PVC pipe systems 

Reduced installation costs due to lighter weight and 
reduced OD dimensions 

Excellent abrasion and scratch-resistant properties 

Superior resistance to hydrocarbon permeation 

Superior resistance to oxidation from chlorine-based 
disinfectants versus HDPE 

Continuous pull-in lengths of over 5,100 LF  

Installations: 
Trenchless  

Horizontal Directional Drilling (HDD) 
Sliplining 
Pipe Bursting 

Direct Bury  

Underground Solutions, Inc. (UGSI) is an infrastructure technology and pipeline rehabilitation company. UGSI has 

developed and continues to develop unique and proprietary technologies focused on the underground infrastruc-

ture industry, including its line of Fusible PVC™ pipe products.  Fusible C-900®, Fusible C-905® and FPVC™ pipe 

provide the only available method of installing a continuous, monolithic, gasket-free PVC pipe capable of being 

used in numerous trenchless or conventional direct bury applications. Applications include pressure and non-

pressure installations in the water, sewer, electrical, industrial and telecommunications industries. Fusible PVC™ 

has been fused and installed throughout the United States, Canada and Mexico. 

Fusible C-900® and Fusible C-905®  
Product Lines Meet: 

AWWA C900/C905 requirements 
NSF- 61 and NSF- 14 certification to 
AWWA C900 and C905 standards 
ASTM cell classification 12454 
PPI TR-2 formulation requirements 

Fusible C-900®, Fusible C-905®, FPVC™:  
Only fusible polyvinyl chloride pipe system 

100 year design life 

Innovative, patented thermal butt fusion technology and 
proprietary PVC formulation 

Sizes ranging from 4” to 36” 

Fusible C-900® ● Fusible C-905® ● FPVC™  

Fusible PVC™ Pipe Systems 
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Fusible C-900®, Fusible C-905® and FPVC™  
are available in a variety of colors including: 

      
 

Pipe Dimensional Data 

Safe Pulling Force: Based on axial tensile stress of 7,000 
psi with a safety factor of 2.5. 

IPS / Schedule 

Size OD DR 
Min. 
Wall 
(in) 

Avg. 
ID 
(in) 

Wt. 
(lb/ft) 

Safe Pulling 
Force (lbs) 

4" 
 

4.50" 
 

Sch. 80 
Sch. 40 
DR 26 

.34 

.24 

.17 

3.78 
3.99 
4.14 

2.97 
2.06 
1.53 

12,400 
8,900 
6,400 

6" 
 

6.63” 
 

Sch. 80 
Sch. 40 
DR 26 

.43 

.28 

.26 

5.71 
6.03 
6.07 

5.46 
3.63 
3.32 

23,400 
15,600 
14,500 

8" 
 

8.63” 
 

Sch. 80 
DR 26 

Sch. 40 

.50 

.33 

.32 

7.57 
7.93 
7.95 

8.30 
5.66 
5.46 

35,700 
24,000 
23,300 

10" 
 

10.75” 
 

Sch. 80 
DR 26 

Sch. 40 

.59 

.41 

.37 

9.50 
9.88 
9.97 

12.30 
8.79 
7.75 

52,700 
37,200 
33,700 

12" 
 

12.75” 
 

Sch. 80 
DR 26 

Sch. 40 

.69 

.49 

.41 

11.29 
11.71 
11.88 

16.92 
12.37 
10.24 

73,100 
52,800 
44,500 

14" 14.00" 
Sch. 80 
DR 26 

Sch. 40 

.75 

.54 

.44 

12.41 
12.86 
13.07 

20.85 
15.21 
12.14 

87,400 
63,900 
52,400 

16" 16.00" 
Sch. 80 
DR 26 

Sch. 40 

.84 

.62 

.50 

14.22 
14.69 
14.94 

26.81 
20.00 
15.85 

112,000 
83,800 
68,100 

18" 
 

18.00” 
 

Sch. 80 
DR 26 

Sch. 40 

.94 

.69 

.56 

16.01 
16.54 
16.81 

33.54 
25.16 
20.78 

141,000 
105,000 
85,900 

20" 20.00" 
Sch. 80 
DR 26 

Sch. 40 

  1.03 
.77 
.59 

17.82 
18.37 
18.75 

41.05 
31.16 
23.90 

171,800 
130,200 
100,700 

24" 
 

24.00” 
 

Sch. 80 
DR 26 

Sch. 40 

1.22 
.92 
.69 

21.41 
22.05 
22.54 

58.23 
44.74 
33.20 

244,400 
186,700 
141,400 

Specifications for other sizes available upon request. 
Pipe sold in 40’ lengths: other lengths available on request. 
More info available at www.undergroundsolutions.com 

DIPS 

Size OD DR 
Min. 
Wall 
(in) 

Avg. 
ID 
(in) 

Wt. 
(lb/ft) 

Safe Pulling 
Force (lbs) 

4" 4.80" 
14 
18 
25 

.34 

.27 

.19 

4.07 
4.23 
4.39 

3.18 
2.53 
1.83 

13,400 
10,600 
7,700 

6" 6.90" 
14 
18 
25 

.49 

.38 

.28 

5.85 
6.09 
6.31 

6.50 
5.24 
3.79 

27,700 
21,900 
16,000 

8" 9.05" 
14 
18 
25 

.65 

.50 

.36 

7.68 
7.98 
8.28 

11.09 
8.98 
6.49 

47,700 
37,800 
27,600 

10" 11.10" 
14 
18 
25 

.79 

.62 

.44 

9.42 
9.79 

10.16 

16.76 
13.59 
9.93 

71,800 
56,800 
41,600 

12" 13.20" 
14 
18 
25 

.94 

.73  

.53 

11.20 
11.65 
12.08 

24.06 
19.30 
13.82 

101,600 
80,300 
58,800 

14" 15.30" 
18 
21 
25 

.85 

.73 

.61 

13.50 
13.75 
14.00 

26.14 
22.02 
19.16 

108,000 
93,400 
79,000 

16" 17.40" 
18 
21 
25 

.97 

.83 

.70 

15.35 
15.64 
15.92 

34.18 
27.99 
24.45 

139,700 
120,800 
102,200 

18" 19.50" 
18 
21 
25 

1.08 
.93 
.78 

17.20 
17.53 
17.85 

41.05 
35.76 
30.08 

175,400 
151,700 
128,400 

20" 21.60" 
18 
21 
25 

32.5 

1.20 
1.03 
.86 
.67 

19.06 
19.42 
19.77 
20.19 

51.01 
45.30 
36.79 
28.89 

215,300 
186,100 
157,500 
122,400 

24" 25.80" 
18 
21 
25 

32.5 

1.43 
1.23 
1.03 
.79 

22.76 
23.19 
23.61 
24.12 

75.87 
59.22 
52.71 
43.96 

307,100 
265,600 
224,800 
174,600 

30" 32.00" 
25 

32.5 
41 

1.28 
.99 
.78 

29.29 
29.91 
30.35 

80.14 
66.61 
53.60 

345,800 
268,700 
214,200 

36" 38.30" 
25 

32.5 
41 

1.53 
1.18 
.93 

35.05 
35.80 
36.32 

124.24 
96.96 
77.19 

495,400 
384,600 
306,900 

C
90

0 
C

90
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Blue: potable water 

Purple: recycle, reclaim or reuse water 

Green: sewer 

White: raw water & storm water 
Gray: electrical conduit  

  

Fusible PVC™ Pipe Systems 

SEWER 

Size OD 
SDR / 
Stiff-
ness 

Min. 
Wall 
(in) 

Avg. 
ID 
(in) 

Wt. 
(lb/ft) 

Safe Pulling 
Force (lbs) 

4” 4.22” SDR 26 .16 3.87 1.35 5,700 
6” 6.28” SDR 26 .24 5.76 3.00 12,700 
8” 8.40” SDR 26 .32 7.72 5.41 22,900 

10” 10.50” SDR 26 .40 9.64 8.51 35,800 

12” 12.50” SDR 26 .48 11.48 12.15 50,800 

15” 15.30” SDR 26 .59 14.05 18.68 76,000 
18" 18.70” PS 115 .67 17.28 25.09 106,400 

21” 22.05” PS 115 .79 20.37 34.88 147,900 
24" 24.80” PS 115 .89 22.92 44.09 186,900 
27” 27.95” PS 115 1.00 25.83 56.01 237,500 
30” 32.00” PS 115 1.15 29.57 73.47 311,500 

36” 38.30” PS 115 1.37 35.39 105.2 445,900 
D3034 sewer pipe available in SDR 35. F679 sewer pipe available 
in SDR 26, SDR 35, and PS 46.  Inquire for sizes in PS 75. 
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Pressure Ratings Bend Radius 

Fusible C-900® ● Fusible C-905® ● FPVC™  

Schedule 
Size Sch. 40 (psi) Sch. 80 (psi) 
4” 220 320 
6” 180 280 
8” 160 250 

10” 140 230 
12” 130 230 
14” 130 230 
16” 130 230 
18” 130 230 
20” 120 220 
24” 120 210 

Fusible PVC™ uses  
standard DIPS fittings. 24” DR 25 Fusible C-905®  

versus  
30” DR 11 HDPE 

 

Fusible PVC™ Pipe Systems 

 Bend radius based on pipe OD. 

Fusible C-900® 

Dimension 
Ratio 

C900-97 
(psi) 

C900-07*  
(psi)  

14 200 305 
18 150 235 
25 100 165 

*when available 

Fusible C-905® 

Dimension 
Ratio Pressure  (psi)  

18 235 
21 200 
25 165 

32.5 125 
41 100 
51 80 

                DIPS 

Size Minimum 
Bend Radius 

4" 100 ft. 
6" 144 ft. 
8" 189 ft. 

10" 231 ft. 
12" 275 ft. 
14" 319 ft. 
16" 363 ft. 
18" 406 ft. 
20" 450 ft. 
24" 538 ft. 
30" 667 ft. 
36" 798 ft. 

IPS 

Size Minimum 
Bend Radius 

4" 94 ft. 
6" 138 ft. 
8" 180 ft. 
10" 224 ft. 
12" 266 ft. 
14" 292 ft. 
16" 333 ft. 
18" 375 ft. 
20" 417 ft. 
24" 500 ft. 

IPS 

Dimension Ratio Pressure (psi) 
17 250 
 21 200 
26 160 

PVC vs. HDPE 

Property Specification PVC HDPE Difference 

Tensile Strength (psi) ASTM D-638 7,000 3,000 2.3X 

Safe Pulling Stress (psi)   2,800 1,200 2.3X 

Specific Gravity  ASTM D-1505 1.40 0.95   

Hydrostatic Design Basis at 73°F (psi) ASTM D-2837 4,000 1,600 2.5X 

Coefficient of Linear  Expansion (in/in/°F) ASTM D-696 0.3x10-4

(0.36”/100’/10°F) 
1.2x10-4

(1.44”/100’/10°F) 0.25X 

Modulus of Elasticity (psi) ASTM D-785 400,000 110,000 3.6x 

 24” DR 25 PVC 30” DR 11 PE % Change 
OD (in) 25.8 30.0 +16% 

HDD Bore Vol. (OD+12”, ft3/ft) 7.79 9.62 +23% 
Wall thickness (in)  1.03 2.73 +165% 

I.D. (in) 23.6 24.5 (4%) 
Pressure rating (psi) 165 160 +3% 

Weight (lbs/ft) 56.2 101.9 +81% 
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The Patented Underground Solutions® Fusion Process 

Fusion is performed by UGSI technicians and/or licensed and trained contractors. The patented fusion 
process consists of the following steps: 

 
1. Pipe ends are precisely and securely aligned. 
2. The fusion machine’s dual cutting head faces and 

squares both ends of the PVC pipe simultaneously. 
3. An electronically controlled heating element heats in 

preparation for fusion bonding the ends of the pipe form-
ing a bead of fusible material. 

4. After the pipe ends have been heated and the proper 
bead has developed, the heater plate is removed, and 
the pipe ends are brought together and held under pres-
sure until the newly-formed joint cools. 

5. Once the joint has cooled to the required conditions it can 
be moved or installed immediately. 

 
Fusion times are comparable to other thermoplastic materials. Joints are fully restrained.  Testing per-
formed in accordance with F1674 and ASTM D-638 methods demonstrates that the tensile strength of 
the fused joint is equivalent to the tensile strength of the pipe. 

Fusible C-900® ● Fusible C-905® ● FPVC™        

Fusible PVC™: The Most Tested PVC Pipe in the Industry 

Fusible PVC™ flattening  

Fusible PVC™ Pipe Systems 

Customer Service Support: 
Engineering and technical support 
Budget preparation 
Project planning 
Fusion services & training 
Construction Management assistance 

Test Categories Vendor  
Qualification 

Required  
Vendor  
Testing 

UGSI Lot  
Acceptance  

Testing 

Fusion Joint  
QC  Data  

Collection &  
Retention 

 AWWA C900     
 AWWA C905     
 Extrusion Quality     
 Mechanical  
 Properties     
 Process Control    
 Points     
 Trained and  
 Licensed Operators     
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Kailua, HI  Orlando, FL Pittsburgh, PA 

Underground Solutions®, Fusible PVC™, Fusible C-900®, Fusible C-905®, FPVC™ and Duraliner™ are trademarks of Underground Solutions, Inc.  
Underground Solutions, Inc. does business in California as UGSI, Inc. 
©2009 Underground Solutions, Inc. All Rights Reserved. 

Underground Solutions, Inc. (UGSI) provides infrastructure technologies for water and wastewater applications. UGSI’s Fusible PVC™ 
products, including Fusible C-900®, Fusible C-905® and FPVC™, contain a proprietary PVC formulation that, when combined with 
UGSI’s patented fusion process, results in a monolithic, fully-restrained, gasket-free, leak-free piping system.  UGSI’s Duraliner™ is a 
patented, close-fit pipeline renewal system creating a stand-alone structural liner. 

Contact Us 
 
Underground Solutions, Inc.               Underground Solutions, Inc. 
13135 Danielson Street, Suite 201   230 Executive Drive, Suite 110 
Poway, CA 92064        OR  Cranberry Twp, PA 16066 
Phone: 858-679-9551     Phone:  724-353-3000 
Fax: 858-679-9555      Fax:  724-353-3020 

 
www.undergroundsolutions.com 

 
For your local sales office, please contact one of the locations above or consult our website.   

Fusible C-900® ● Fusible C-905® ● FPVC™  

Fusible PVC™ Pipe Systems 

Seattle, WA  Beaufort, SC  Broomfield, CO 

Des Moines Area, IA Sunnyvale, CA Ottawa, Ontario 
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Fusible PVC Pipe Material Specification



 Material Specification‐1  AE – 2 – 55 Rev 3.3 08/20/10 

Fusible C‐900®, Fusible C‐905®, FPVC®, and Fusible PVC™  
FUSIBLE POLYVINYLCHLORIDE PIPE MATERIAL SPECIFICATION 

 

PART 1 –GENERAL 

1.01 DESCRIPTION 

A SCOPE  

1. This material specification covers requirements of fusible polyvinylchloride pipe, 
including Fusible C‐900®, Fusible C‐905®, and FPVC®. 

2. Pipe shall conform to the following dimensionality and properties table: 

Pipe Description 
Nominal 
Diameter 

(in.) 
DR  Color 

Pressure 
Class 
(psi) 

Required Inner 
Diameter (in.) 

           

 

1.02 QUALITY ASSURANCE 

A REFERENCES 

1.    References indicated shall mean the latest revision or issuance, unless specifically 
indicated in the table below: 

Reference  Title 

AWWA C900  Standard for Polyvinyl Chloride (PVC) Pressure Pipe and Fabricated Fittings, 4 in. 
through 12 in. (100mm Through 300mm), for Water Distribution 

AWWA C905  Standard for Polyvinyl Chloride (PVC Pressure Pipe and Fabricated Fittings, 14 in. 
through 48 in. (350mm Through 1200mm), for Water Distribution and Transmission 

AWWA M23  AWWA Manual of Supply Practices  PVC Pipe—Design and Installation, Second 
Edition 

ASTM D1784  Rigid Poly (Vinyl Chloride) (PVC) Compounds and Chlorinated Poly (Vinyl Chloride) 
(CPVC) Compounds 

ASTM D1785  Poly (Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and 120 

ASTM D2152 
Test Method for Degree of Fusion of Extruded Poly(Vinyl Chloride) (PVC) Pipe and 
Molded Fittings by Acetone Immersion 

ASTM D2241  Poly (Vinyl Chloride) (PVC) Plastic Pipe (SDR‐PR) 

ASTM D3034  Standard Specification for Type PSM Poly(Vinyl Chloride) (PVC) Sewer Pipe and 
Fittings 

ASTM F679  Standard Specification for Poly(Vinyl Chloride) (PVC) Large Diameter Plastic Gravity 
Sewer Pipe and Fittings 

NSF‐14  Plastics Piping System Components and Related Materials 

NSF‐61  Drinking Water System Components‐‐Health Effects 

PPI TR‐2  PVC Range Composition Listing of Qualified Ingredients 
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B MANUFACTURER REQUIREMENTS 

1. All piping shall be made from a PVC compound conforming to cell classification 
12454 per ASTM D1784. 

C FUSION TECHNICIAN REQUIREMENTS 

1. Fusion Technician shall be qualified by the pipe supplier to install fusible 
polyvinylchloride pipe of the type(s) and size(s) being used.  Qualification shall be 
current as of the actual date of fusion performance on the project. 

D SPECIFIED PIPE SUPPLIERS 

1. Fusible polyvinylchloride pipe shall be used as manufactured under the trade 
names Fusible C‐900®, Fusible C‐905®, and FPVC®, for Underground Solutions, Inc., 
Poway, CA, (858) 679‐9551.  Fusion process shall be as patented by Underground 
Solutions, Inc., Poway, CA, Patent No. 6,982,051. 

E WARRANTY 

1. The pipe shall be warranted for one year per the pipe supplier’s standard terms. 

2. In addition to the pipe warranty, the fusion services shall be warranted for one year 
per the fusion service provider’s standard terms. 

PART 2 – PRODUCTS 

 
2.01 FUSIBLE POLYVINYLCHLORIDE PIPE 

A Fusible polyvinylchloride pipe for potable water shall conform to AWWA C900, AWWA 
C905, ASTM D2241 or ASTM D1785, as applicable.  Testing shall be in accordance with the 
referenced AWWA standards for all pipe types.  Pipe shall be marked verifying suitability 
for potable water service per NSF‐61. 

B Fusible polyvinylchloride pipe for non‐potable water or pressurized wastewater not 
conforming to AWWA C905 dimensionality shall conform to AWWA C900, ASTM D2241 or 
ASTM D1785 for standard dimensionality, as applicable.  Testing shall be in accordance 
with the referenced AWWA standards. 

C Fusible polyvinylchloride pipe for non‐potable water or pressurized wastewater conforming 
to AWWA C905 dimensionality shall conform to AWWA C905. 

D Fusible polyvinyl chloride pipe for non‐pressure storm or wastewater not conforming to 
AWWA C905 dimensionality shall conform to ASTM D3034, ASTM F679, AWWA C900, 
ASTM D2241, or ASTM D1785 for standard dimensions, as applicable.  Testing shall be in 
accordance with the applicable standard used. 

E Fusible polyvinylchloride pipe for non‐pressure storm or wastewater conforming to AWWA 
C905 dimensionality shall conform to AWWA C905. 

F Fusible polyvinylchloride pipe shall be extruded with plain ends.  The ends shall be 
square to the pipe and free of any bevel or chamfer.  There shall be no bell or gasket of 
any kind incorporated into the pipe. 

G Fusible polyvinylchloride pipe shall be manufactured in a standard 40’ nominal length or 
custom lengths as specified. 
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H Fusible polyvinylchloride pipe shall be blue in color for potable water use.  Fusible 
polyvinylchloride pipe shall be purple in color for reclaim, reuse, or other non‐potable 
use.  Fusible polyvinylchloride pipe shall be green in color for wastewater use.  Fusible 
polyvinylchloride pipe shall be white in color for surface or storm water use. 

I Pipe shall be marked as follows:   

1. Nominal pipe size 

2. PVC 

3. Dimension Ratio, Standard Dimension Ratio or Schedule 

4. AWWA pressure class, or standard pressure rating for non‐AWWA pipe, as 
applicable 

5. AWWA standard designation number, or pipe type for non‐AWWA pipe, as 
applicable 

6. Extrusion production‐record code 

7. Trademark or trade name  

8. Cell Classification 12454 and/or PVC material code 1120 may also be included 

J Pipe shall be homogeneous throughout and be free of visible cracks, holes, foreign 
material, blisters, or other visible deleterious faults. 

2.02 FUSION JOINTS 

A Unless otherwise specified, fusible polyvinylchloride pipe lengths shall be assembled in 
the field with butt‐fused joints.  The fusion technician shall follow the pipe supplier’s 
guidelines for this procedure.  All fusion joints shall be completed as described in this 
specification. 

2.03 FUSIBLE POLYVINYL CHLORIDE SWEEPS OR BENDS 

A Fusible polyvinyl chloride sweeps or bends shall conform to the same sizing convention, 
diameter, dimensional tolerances and pressure class of the pipe being joined by the 
sweep or bend. 

B Fusible polyvinyl chloride sweeps or bends shall be manufactured from the same fusible 
polyvinyl chloride pipe being used for the installation, and shall have at least 2 feet of 
straight section on either end of the sweep or bend to allow for fusion of the sweep to 
the pipe installation.  There shall be no gasketed connections utilized with a fusible 
polyvinyl chloride sweep. 

C Standard fusible polyvinyl chloride sweep or bend angles shall not be greater than 22.5 
degrees, and shall be used in nominal diameters ranging from 4 inch through 16 inch. 

PART 3 ‐ EXECUTION 

3.01 HANDLING AND STORAGE 

A Pipe shall be off‐loaded, loaded, installed, handled, stored and stacked per the pipe 
supplier’s guidelines.  These guidelines include compliance with the minimum 
recommended bend radius and maximum safe pull force for the specific pipe being 
used. 
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B The general best practices of the industry per AWWA M23 shall also be observed. 

3.02 FUSION PROCESS 

A Fusible polyvinylchloride pipe will be handled in a safe and non‐destructive manner 
before, during, and after the fusion process and in accordance with this specification 
and pipe supplier’s guidelines. 

B Fusible polyvinylchloride pipe will be fused by qualified fusion technicians holding 
current qualification credentials for the pipe size being fused, as documented by the 
pipe supplier. 

C Pipe supplier’s procedures shall be followed at all times during fusion operations.  

D Each fusion joint shall be recorded and logged by an approved electronic monitoring 
device (data logger) connected to the fusion machine, which utilizes a current version of 
the pipe supplier’s recommended and compatible software.   

E Only appropriately sized and outfitted fusion machines that have been approved by the 
pipe supplier shall be used for the fusion process.  This includes requirements for safety, 
maintenance, and operation with modifications made for PVC. 

3.03 GENERAL INSTALLATION 

A Installation guidelines from the pipe supplier shall be followed for all installations.  

B The fusible polyvinylchloride pipe will be installed in a manner so as not to exceed the 
recommended bending radius guidelines. 

C Where fusible polyvinylchloride pipe is installed by pulling in tension, the recommended 
maximum safe pulling force, established by the pipe supplier, shall not be exceeded. 

**END OF SECTION** 
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Water Systems Optimization, Inc.   

233 30th Street  
San Francisco CA 94131 
United States of America 

Tel: 1-415-538-8641 
Fax: 1-814-286-61705752 

 
March 12, 2010 
 
Kyle Ericson 
Senior Engineer/Compliance Officer 
Utilities Department  
City of Folsom 
50 Natoma Street 
Folsom, CA 95630 
 
Dear Mr. Ericson 
 
ROPOSAL – TWO YEAR WATER LOSS CONTROL PROGRAM 
 
Water Systems Optimization, Inc. (WSO) is pleased to provide this proposal to conduct a 
Two Year Water Loss Control Program for the City of Folsom Utilities Department (CFUD).  
In choosing a partner to provide assistance for water loss control and management efforts, it is 
essential to choose a company that has proven technical expertise in this specialized field, that 
has a detailed understanding of the water loss management challenges CFUD faces, and that 
has a proven track record of successfully completed water loss control programs.  WSO 
believes that we are ideally positioned to provide the best service and advice due to our 
undoubted detailed understanding of CFUD’s water loss challenges, our track record of 
successfully implemented water loss control programs and our commitment to providing 
service excellence.  The proposed Two Year Water Loss Control Program will reduce leakage 
losses in the CFUD distribution system to optimum levels.  Based on currently available data 
it is estimated that this program will result in significant cost savings for CFUD, which are 
conservatively estimated to be in the range of $1.4M per year once the program is completed. 
WSO is highly specialized in water loss management and has carried out many successful 
district measurement and leak detection survey contracts for water utilities across North 
America.  Our ability to perform the work, our staff experience and our past performance 
record are without question as can be vouched for by our many satisfied clients and the 
number of repeat contracts we regularly win with those clients. 
 
Please find enclosed our Proposal for a Two Year Water Loss Control Program.  If you have 
any questions, feel free to contact me at 1-415-538-8641 or by e-mail at 
reinhard.sturm@wso.us. 
 
Sincerely, 
 
 
Reinhard Sturm 
Vice President - WSO 
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1 TWO YEAR WATER L OSS CONTROL PROGRAM  

1.1 Background and Goal of the Water Loss Control Program 

The results of a Water Audit (WA) and component analysis of real losses, carried out by 
WSO for Calendar Year 2008, indicate that CFUD is losing a significant amount of water in 
its distribution network through physical losses (Real Losses).  Real losses are currently 
estimated to be in the order of 2,699MG.  The monetary value of the real loss volume based 
on discussions with CFUD key stakeholders is $450/AF ($1,351 per MG), which reflects the 
cost for water supply, operations, and distribution of one AF of treated water (see Table 1-1).  
This is an appropriate valuation of real losses given the current supply and demand situation 
in CFUD.  The avoided cost of water which the California Urban Water Conservation Council 
(CUWCC) recommends using for evaluating water conservation programs, would be 
significantly higher than the cost used to value real losses for CFUD.   

Table 1-1 CFUD Water Loss Performance Indicators and Cost of Real Losses 

 
Total Real 

Losses [MG] 
Total Real Losses 

[gal/serv con/day] 
UARL 
[MG]  ILI  

Cost of Real 
Losses 

2008 Water Audit (WA) 
Results 2,699 419 118 22.9 $3,727,319 

Conservative Real Loss 
Estimates (50% of 2008 
WA results) 

1,350 210 118 11.4 $1,863,660 

Target Level of Real 
Loss Volume 

337 52 118 2.9 $465,915 

 
Based on the valuation discussed above the CFUD is currently losing about $3.7M in real 
losses.  However, since residential consumption was not metered in 2008 the WA results 
might overestimate real losses.  When taking a very conservative approach and assuming that 
real losses are 50% less than calculated in the 2008 WA, real losses are still costing CFUD 
about $1.86M (equals about $5,000/day).  This clearly highlights the immediate need for 
action to start reducing real losses in the system and therefore reducing the financial losses 
CFUD currently occurs.  
 
Based on the work carried out by WSO in other California water utilities and throughout the 
United States it is reasonable to argue that, given the supply and demand situation CFUD is 
facing, that the target real loss volume for CFUD should be around 337 MG/Year or 52 
gallons/service connection/day, or an Infrastructure Leakage Index (ILI) of around 3.  
Reducing Real Losses to 337MG (ILI 3), which is a very realistic goal for a water loss control 
program, would mean that the cost for water lost due to leakage in the distribution system is 
reduced from $1.86M/Year to about $0.46M/Year.  Therefore, it can be expected that the 
water loss control program outlined by WSO in this proposal will achieve real loss savings of 
about 1,000MG/Year, with monetary savings of about $1.4M/Year.  Not only will the water 
loss control program provide immediate cost savings but it will also provide CFUD with an 
additional 1,000MG/Year that can be used to provide water to new customers and to offset 
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needs for more aggressive demand side conservation.  Furthermore, this water loss program 
will help CFUD significantly in meeting Governor Schwarzenegger’s goal to achieve a 20 
percent reduction in per capita urban water use by 2020. 
 
The Water Loss Control Program outlined in this proposal was designed to provide the CFUD 
with the following key benefits:  
 

• Reduction of leakage losses to economic levels providing savings of around 
$1.4M/Year after completion of the program. 

• Implementation of a water loss control program that achieves the targeted real loss 
reduction in a sustainable manner. 

• Provide CFUD with the water loss management tools and training necessary to 
maintain the optimized real loss volume. 

• Increase the lifespan of infrastructure and reduce background leakage through the 
optimization of pressure management. 

 
WSO has implemented a similar water loss control program, as outlined in this proposal, in an 
area of the Philadelphia Water Department (PWD) distribution network between 2006 and 
2009.  The area that was targeted by the 3 year water loss control program has about 2,500 
service connections and had pre-intervention real losses of around 550/gallons/service 
connection/day (in 2005), a water loss problem very similar in scale to the one CFUD is 
currently facing.  After completion of the 3 year water loss control program the real losses 
were sustainably reduced by about 1.2MGD to real losses of 44gal/service connection/day 
(see Figure 1-1).  PWD achieved sustainable savings of about $100,000/Year in this one 
target area through the successful implementation of WSO’ water loss control program. 
 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

MNF Measurement April 2005 MNF Measurement October 

2006 no Pressure Control 

MNF Measurement October 

2006 (30PSI fixed outlet) 

Pressure Control 

MNF Measurement December 

2009 (final flow modulation 

setting) 

V
o

lu
m

e
 [

M
G

D
]

DMA5 – Direct Savings in Leakage Reduction between 2005 and 2010

Minimum Night Flow (MNF) Based Real Losses Savings in Real Losses against 2005 levels  
Figure 1-1 Results of a Water Loss Control Program Implemented by WSO for the PWD 
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The following sections provide the proposed outline of the CFUD two year water loss control 
program and the related costs.  
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2 WATER L OSS CONTROL PROGRAM TASKS 

The following tasks are necessary to successfully implement the proposed water loss control 
program.  

Kick-off and Shareholder meeting 

CFUD will develop a list of key personnel for this project, which will hereafter be referred to 
as the Project Team.  A kick-off meeting will be held to discuss the objectives and 
components of the Two Year Water Loss Control Program.  Following the kick-off meeting 
several meetings will be held with the Project Team, which will include staff from: 

� Customer Services/Billing  

� Water Production and Distribution  

� Water Services Engineering and Technical Support  

A priority list of goals will be prepared to ensure that the key objectives of the Project Team 
are identified.  The Project Team will be involved in the approval of all water loss 
management implementations and analysis and approval of all findings throughout the 
program. 

2.1 Task One – Initial Comprehensive Leak Detection Campaign 

The financial analyses have shown that real losses are costing CFUD about $5,000 per day.  
Therefore it is necessary to start the initial round of leak detection right after the project kick-
off.   

The Leak Detection Survey will utilize state-of-the-art portable acoustic leak detection 
equipment and Leak Noise Correlators.  Technical specifications of the equipment that WSO 
proposes to use are provided in Appendix A.   

The entire distribution system (276 miles) will be checked, by performing an initial sweep of 
the system by sounding all fire hydrants, valves and meters for leak indications.  The listening 
points will be no more than 500 feet apart to ensure that potential leak sounds are not missed.   

Once an area has been sounded, the places where leak indications were located will be 
investigated to determine if a leak does, in fact, exist in that area.  During the initial sweep, if 
a leak indication is significant enough to indicate a leak that might cause damage to private or 
public property; the initial sweep will be halted while the leak is pinpointed. 

Once a leak has been pinpointed, it will be marked on the pavement at the closest convenient 
point and a leak report will be prepared.  The leak report will include a sketch of the leak 
location along with an estimate of the type of leak, size of leak and its severity, date and time 
of detection and other information.  The leak report will be recorded on a database maintained 
by WSO before being issued to CFUD for repair action.  An example leak report is included 
at Appendix B. 

After the leak has been repaired, CFUD will notify WSO of the date and time of repair and 
the type and size of leak repaired.  This is used to compare the performance of the leak 
detection team in assessing the type of leak before it is excavated and to fine tune the water 
loss control program.  The leak database is updated with the information so as to provide an 
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ongoing assessment of the number and types of leaks being detected and repaired and to 
provide an estimation of the amount of leakage that has been recovered in each survey area. 

Weekly leak summary reports will be provided detailing the miles of main surveyed, number 
of leaks pinpointed, classification of leaks and estimated leak rates.  Monthly interim progress 
reports will be prepared detailing the progress to date.   

2.2 Task Two – Initial Bottom-Up DMA Measurements in Zone1 and Zone4,5,6 

In parallel to Task One, WSO will commence work on converting Zone1 and combined 
Zones4,5,6 into permanent District Metered Areas (DMA).  A DMA is an area in the water 
distribution system which is specifically defined by the closure of valves and in which the 
water entering the district can be measured and quantified.   

2.2.1 Subtask Two-A) – Field Tests to Verify Zone Integrity of Zone1 and Zone4,5,6 

Together with CFUD the hydraulic integrity of pressure Zone1 and Zone4,5,6 will be verified 
through field tests.  In case this task finds that zone boundary valves are not closing properly 
it might be necessary to redesign the zone boundary or replace the boundary valve.   

2.2.2 Subtask Two-B) – Convert Zone1 and Zone 4,5,6 Into Permanent DMA 

Most water utilities in the United States, such as CFU, practice reactive leakage management 
by responding to leaks and water main breaks only after they have erupted and caused 
customer complaints; i.e., reported events.  This approach causes a gradually rising backlog of 
hidden leaks that will eventually lead to very high leakage levels as currently seen in CFUD.  
A growing number of water utilities, however, practice proactive leakage management by 
seeking to identify and repair hidden leaks while they are small and benign, i.e. while they 
exist in the unreported state.  By employing a DMA based leakage management approach a 
water utility has the ability to accurately assess leakage levels in each DMA, monitor the 
occurrence of new leaks in a DMA, and intervene against leakage in a DMA only when 
leakage rises beyond an economic intervention threshold.   

For a zone to serve the purpose of a DMA it is necessary to permanently monitor supply into 
the DMA, zone pressure and customer consumption.  WSO together with CFUD will convert 
pressure Zone1 into a DMA and Zones 4,5,and 6 will need to be combined into one DMA 
with the supply to the DMA monitored at the inflow point that supplies all three pressure 
zones.  In addition to the flow data, pressure measurements will be recorded with pressure 
loggers at the DMA inlet points, the average pressure points and the critical pressure points.  
See Figure 2-1 for an example of DMA flow and pressure data recorded in of Nashville Metro 
Water Services DMA. 
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DMA #1-18 - Nashville Metro Water Services
48-hour Flow and Pressure Data (1 minute samples)

Total Inflow Inlet Point Pressure Total Inflow (5 minute moving average)

 
Figure 2-1 Example Flow and Pressure Data from District Measurement 

 

2.2.3 Subtask Two-C) – Initial Leakage Level Measurement in DMA Zone1 and 
Zone4,5,6 

The primary tool for determining leakage levels in a DMA is the Minimum Night-time Flow 
(MNF) Analysis method.  In theory, the use of water by registered customers reduces to a 
minimum during the night hours (typically between 3am and 4am).  This can be seen from the 
DMA inflow data in Figure 2-1.  At the minimum night-time flow point, there will be two 
main components to the inflow to the District; usage by customers and leakage from the 
mains and service lines.  The consumption recoded by CFUD Automated Meter Reading 
(AMR) system will provide the customer usage component.  By subtracting the customer 
usage from the District inflow, the remaining leakage component is calculated.  By 
considering the correlation between pressure and leakage it is possible to model the leakage 
losses over a 24hour period (see Figure 2-2).   

 



 Proposal for Two Year Water Loss Control Program Section 2 
 
 

 

  7 

0

20

40

60

80

100

120

0

200

400

600

800

1,000

1,200

1,400

1,600

1,800

0
0

:0
0

0
1

:0
0

0
2

:0
0

0
3

:0
0

0
4

:0
0

0
5

:0
0

0
6

:0
0

0
7

:0
0

0
8

:0
0

0
9

:0
0

1
0

:0
0

1
1

:0
0

1
2

:0
0

1
3

:0
0

1
4

:0
0

1
5

:0
0

1
6

:0
0

1
7

:0
0

1
8

:0
0

1
9

:0
0

2
0

:0
0

2
1

:0
0

2
2

:0
0

2
3

:0
0

P
R

E
S

S
U

R
E

 (
p

si
)

F
LO

W
 (

g
p

m
)

DMA #1-18 - Nashville Metro Water Services

MNF Analysis

Unavoidable Background Leakage (ILI=1.0) Excess Real Losses Consumption Pressure

 
Figure 2-2 MNF Analysis of Flow and Pressure Data from a DMA 

 
By converting Zone1 and Zone4,5,6 into permanent DMAs, leakage levels will be 
continuously monitored.  The initial leakage level measurements will be carried out before the 
first round of leak detection takes place in Zone1 and Zone4,5,6 in order to quantify a leakage 
baseline for those two DMAs.  WSO will be able to exactly quantify how much water is lost 
due to leakage in Zone1 and Zone4,5,6 and how much of those leakage losses can be 
recovered through sonic leak detection (Figure 2-3).   
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MNF ANALYSIS RESULTS SUMMARY FOR DMA #1-18

Measurement Date Aug 12, 2009
Day Wednesday

Number of Service Connections nr. 2,464        
Miles of mains miles 32.09        
Service Connection Density nr. / mile 77             

Average Pressure over 24 hours psi 96.0          
Pressure at Minimum Night Flow psi 98.0          
Hour-Day Factor 23.5          
Minimum Night Flow gpm 436           
Night-time Consumption gpm 154           
Net Night Flow gpm 282           

Best 
Estimate

Upper 
Range

Lower 
Range

Total Inflow MGD 1.468        1.468        1.468        

Total Real Losses MGD 0.398        0.402        0.394        

g/conn/d 161.4        163.0        159.8        

g/conn/d/psi 1.68          1.70          1.66          

of Total Inflow 27.1% 27.4% 26.8%

ILI 7.11          7.19          7.05          

Unavoidable Background Real Losses MGD 0.038        0.038        0.038        

(ILI = 1.0) g/conn/d 15.4          15.5          15.2          

g/conn/d/psi 0.16          0.16          0.16          

Excess Real Losses MGD 0.360        0.363        0.356        

g/conn/d 146.0        147.5        144.5        

g/conn/d/psi 1.52          1.54          1.51          

Consumption MGD 1.070        1.066        1.074        

g/conn/d 434.4        432.7        435.9        

of Total Inflow 72.9% 72.6% 73.2%

 
Figure 2-3 Tabulated MNF Analysis Report 

 

2.2.4 Subtask Two-D) – Comparison of Initial Leakage Levels Against Water Audit 
Results 

The initial leakage level measurements in Zone1 And Zone4,5,6 will be compared against the 
results of the system wide 2008 water audit.  This will provide a better understanding of the 
leakage losses in the entire distribution system and will also provide valuable information for 
the entire water loss control program.   

2.2.5 Subtask Two-E) – Quantify Savings Achieved Through Initial Leak Detection 
Campaign 

Since leakage levels can now be quantified on a daily bases it will be possible for WSO to 
monitor and quantify the reduction in leakage losses achieved through the initial leak 
detection and repair campaign in Zone1 and Zone4,5,6. 
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2.2.6 Subtask Two-F) – Design and Pilot Leakage Monitoring System for DMA Zone1 
and Zone4,5,6 

WSO will develop and pilot a proprietary software for CFUD that automates the calculation 
of leakage levels from DMA inflow, pressure and consumption data for Zone1 and Zone4,5,6.  
The software will automate the leakage level calculations for Zone1 and Zone4,5,6 and 
provide the results in a standardized report format.   

2.3 Task Three – Second Round of Comprehensive Leak Detection Campaign 

Since leakage losses are high in the CFUD distribution system it will definitely be necessary 
to repeat a full system wide leak detection campaign after completion of the first leak 
detection sweep.  The entire distribution system (276 miles) will be checked again by 
performing a second sweep of the system by sounding all fire hydrants, valves and meters for 
leak indications.  The listening points will be no more than 500 feet apart to ensure that 
potential leak sounds are not missed.  This will serve to identify leaks that were masked by 
larger leaks during the first sweep, leaks that developed on already weak sections of the 
infrastructure once a nearby leak repair has caused local system pressure to increase and in 
general to make sure that the entire backlog of hidden leaks is removed from the distribution 
system.  The same approach and the same type of leak detection equipment as outlined in 
section 2.1 will be used. 

2.4 Task Four – Final Bottom-Up DMA Measurements in Zone1 and Zone4,5,6 

2.4.1 Subtask Four-A) – Final Leakage Level Measurement in DMA Zone1 and 
Zone4,5,6 

After completion of the second sweep of system wide leak detection and once all detected 
leaks have been repaired in DMA Zone1 and Zone4,5,6 the final leakage level will be 
measured and calculated using the approach outlined in section 2.2.3.   

2.4.2 Subtask Four-B) – Quantify Savings Achieved Through second Round of Leak 
Detection 

Since leakage levels can now be quantified on a daily bases it will be possible for WSO to 
monitor and quantify the reduction in leakage losses achieved through the second round of 
leak detection and repair campaign in Zone1 and Zone4,5,6.  This analysis will serve to 
quantify the minimum leakage level than can be achieved through leak detection in DMA 
Zone1 and Zone4,5,6.  Any additional leakage reduction will need to be achieved through 
pressure management or through a much more costly option, infrastructure replacement.  

2.4.3 Subtask Four-C) – Calculate Background Leakage in DMA Zone1 and Zone4,5,6 
and Extrapolate to Rest of System 

After all detectable leaks were removed from DMA Zone1 and Zone4,5,6 the remaining 
leakage volume will be assessed by WSO.  This volume is by definition due to background 
leakage.  Background leakage represents the collective weeps and seeps across the 
distribution system at joints and on customer service connections.  Background leakage is not 
acoustically detectable, but is pressure sensitive and is addressed by improved pressure 
management or through pipeline rehabilitation or replacement.  The older or weaker the 
infrastructure is the higher is the volume of background leakage.  It is therefore paramount for 
a successful leakage management strategy to understand and quantify the volume of 
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background leakage, since any additional expenditure on leak detection efforts will not result 
in a further reduction of leakage losses if they are made up by background leakage.  
WSO will use the background leakage results from DMA Zone1 and Zone4,5,6 to extrapolate 
the system wide background leakage volume.   

2.5 Task Five – Convert Zone 2 and Zone 3 Into Permanent DMA 

To achieve efficient water loss control and management in the entire distribution network, 
Zones 2 and 3 will be converted into permanent DMAs using the same approach as outlined 
in sections 2.2.1 2.2.2.   

2.6 Task Six – Design and Implement Data Analysis and Management System for 
Leakage Monitoring in all DMAs 

Once all DMAs are in place, covering the entire CFUD distribution system, it will be 
necessary to design a data management and analysis system capable of managing all the water 
loss management relevant data from each DMA.  This data will include supply data to each 
DMA, consumption data from each DMA, and pressure data from each DMA.  WSO will 
expand the leakage monitoring system designed for DMA Zone1 and Zone 4,5,6 to the rest of 
the DMAs.  This system will be tailored to CFUD’s data needs and WSO will solicit input 
from CFUD throughout the design and implementation phase to accommodate all of CFUD 
water loss data management needs.   

The final version of the data analysis and management system for leakage monitoring will 
provide CFUD with an automated way of processing and managing all the water loss 
management relevant data, providing daily or weekly reports on leakage levels in each DMA.  
The system will also provide decision tools on how to react to rising leakage levels in a DMA.  
The leakage management system will include the results of Task 9 - The economic leakage 
intervention level of each DMA.  For each DMA there will be a leakage intervention trigger 
level.  Once the leakage monitoring system detects DMA leakage rising above this level, the 
system will recommend that CFUD reduces leakage in the DMA through leak detection and 
repair back to economic optimum leakage levels.   

This system will be the primary tool for CFUD to successfully sustain the low leakage levels 
achieved by the two year water loss control program.   

2.7 Task Seven – Assess Potential for Subdividing Zone 2 into two DMA and 
Subdivide if Possible 

For efficient leakage monitoring and management through the DMA approach the industry 
best practice recommends the size of a DMA to be less than 5,000 service connections.  If a 
DMA has more than 5,000 service connections then it becomes more difficult to discern new 
leaks from the legitimate customer consumption.  Task 7 will therefore assess the potential for 
subdividing DMA Zone2 into two separate DMAs.  If the assessment finds it feasible to 
subdivide DMA Zone 2, then WSO together with CFUD will subdivide DMA Zone2 into two 
separate DMAs. 
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2.8 Task Eight – Pressure Management 

It is intuitive that more water escapes from a given pipeline leak if pressure exists at a high 
level vs. conditions with lower pressure.  Pressure management is defined as “The practice of 
managing system pressures to an optimum level of service ensuring sufficient and efficient 
supply to legitimate uses and consumers, while eliminating or reducing pressure transients 
and variations, faulty level controls and reducing unnecessary or excess pressures, all of 
which cause the distribution system to leak and break unnecessarily”.  The primary goals of 
pressure management for leakage control and infrastructure sustainability are: 
 

• Reduction in flow rates from reported and unreported leaks 

• Reduction in flow rates from background leakage; the only other option to control 

background leakage is full pipeline rehabilitation/replacement  

• Reduction in the frequency of new breaks occurring within a water distribution 

system 

• Inhibiting pressure surges and transients in the pressure managed area 

Two primary modes of pressure control have become prevalent in pressure managed areas 
throughout the world: fixed outlet pressure control and flow modulated pressure control.  In 
fixed outlet control, the PRV provides a constant lower downstream (outlet) in the presence of 
higher, varying upstream (inlet) pressure.  Fixed outlet hydraulic pressure control is a 
traditional and reliable method of pressure control and uses a basic PRV.  This method is 
effective for areas with uniform supply characteristics, low head losses and low water 
demands which do not vary greatly.  In contrast, flow modulated pressure control paces the 
PRV outlet pressure level with changes in flow/demand.  As flow increases due to greater 
water demand, a controller increases outlet pressure at the PRV.  As flow decreases, the 
controller reduces the PRV outlet pressure.  In flow modulated control mode, the lowest safe 
pressure is provided at the time of the lowest flow, and the highest safe pressure is provided at 
the highest flow; thereby pressure is optimized.  Hence, the daily high pressure is provided 
when customer demand is high, and the daily low pressure occurs when customer demand is 
low (at night) and leakage is at its highest proportion of the total flow.  If a large water 
demand emerges due to fire fighting, water main break or other emergency, flow modulated 
pressure control provides additional pressure to meet the demand.  This is a stark 
improvement over typical conditions in water distribution systems, where water pressure 
drops (often to dangerous levels) when a high emergency water demand occurs.  Flow 
modulated pressure control also has the effect of leveling out pressures at the system 
extremities therefore helping to reduce the number of breaks that occur on the weaker parts of 
the system.   

In this task WSO will assess the potential for optimizing CFUD’s distribution system pressure 
management in order to further reduce system leakage and extend infrastructure life.  

2.8.1 Subtask Eight-A) – Collect and Evaluate Pressure and Flow Data from all DMAs 

In addition to the flow data recorded for each DMA, pressure will be recorded by pressure 
loggers installed at the district inlet point, the average pressure point and the critical pressure 
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point.  The pressure data will be recorded over several months and then analyzed and 
evaluated for potential to improve current system pressure management.   

In addition in order to assess whether the system is subject to pressure spikes and transients 
which are a primary cause for leaks and breaks, WSO will deploy Telog HR31 Hydrant 
Pressure Recorders to record system pressure at a sample rate of ¼ second intervals (4 
samples per second). 

2.8.2 Subtask Eight-B) – Design Advanced Pressure Management Schemes 

Advanced pressure management schemes will be designed for each of the DMAs based on the 
results of Subtask Eight-A.   

2.8.3 Subtask Eight-C) – Pilot Advanced Pressure Management in One DMA 

Advanced pressure management will be implemented by WSO in one pilot DMA to refine the 
pressure management schemes designed by WSO before expanding to the rest of the DMAs.   

2.8.4 Subtask Eight-D) – Full Scale Implementation of Advanced Pressure 
Management 

Once the advanced pressure management pilot is successfully completed WSO will 
implement the advanced pressure management schemes in the rest of the DMAs.  The DMA 
leakage monitoring system will provide immediate data on the leakage reduction achieved by 
each of the advanced pressure management schemes allowing for further refinement of the 
schemes if necessary.   

2.9 Task Nine – Calculate Economic Leakage Intervention Level for Each DMA 

Based on the size of each DMA, its infrastructure characteristics, the cost to undertake leak 
detection, and the rate of rise in leakage in the DMA, WSO will calculate the economic 
leakage intervention level for each DMA.   
 
For each DMA there will be a leakage level where the cost to detect unreported leaks in the 
DMA equals the cost of the water lost due to those unreported leaks.  Once the leakage level 
rises beyond this point CFUD starts losing money and the DMA leakage level should be 
reduced back to minimum levels through leak detection and repair.  This economic 
intervention level is different from DMA to DMA.  
 
Figure 2-4 depicts an example of the rise of leakage in a DMA over time as it’s monitored 
through the DMAs leakage monitoring system.  Once the leakage level in the DMA reaches 
the calculated economic intervention level the water utility sends a leak detection team to the 
DMA to find and fix all detectable leaks in order to reduce the leakage volume to economic 
optimal levels.  Figure 2-4 is an example from one of the water loss control programs 
implemented by WSO.   
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Figure 2-4 Economic Leakage Intervention Level for DMA 

 

2.10 Task Ten – Training of CFUD Personnel on Water Loss Management, Data 
Handling and Data Management  

Throughout the two year water loss control program WSO will continuously train CFUD 
personnel on water loss management activities, data handling and data management, and data 
analysis.  WSO will provide CFUD with clear procedures on how to manage and analysis the 
data necessary for a successful water loss control policy.  Extensive training will be provided 
on the use of the DMA data and leakage monitoring system designed and implemented by 
WSO.    

2.11 Task Eleven – Project Management of Entire Water Loss Control Program 

WSO will manage the entire water loss control program in conjunction with CFUD.  The fact 
that WSO has already implemented several successful water loss control programs will 
guarantee an efficient and well coordinated execution of the program.  

2.11.1 Subtask Eleven–A) Preparation of Monthly Progress Reports 

Monthly interim progress reports detailing the progress to date along with monthly invoices 
will be prepared by WSO. 

2.11.2 Subtask Eleven–B) Preparation of Draft and Final Report 

WSO will prepare a detailed final report at the end of the water loss control program period 
that describes in detail all the work undertaken, the methodologies used, the findings of the 
Leak Detection Survey and recommended strategy for continued real loss management by 
CFUD.  The final report will be submitted in PDF format and will document all data collected 
and work performed.   
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CFUD Responsibilities for Water Loss Control Program 

During most Water Loss Control Programs, WSO requests the client utility to implement 
necessary distribution operation tasks such as opening and closing of valves and hydrants, 
operating and adjusting PRV’s, etc.  To assure a successful implementation of this Two Year 
Water Loss Control Program the CFUD will need to be actively engaged in the program and 
provide the following assistance to WSO: 

 

• Facilitate and assist during field work to verify integrity of pressure zones – testing the 
hydraulic integrity of boundary valves. 

• Facilitate collection of pressure data throughout the system 
• Provide system maps  
• Repair of detected leaks in a timely manner 
• Access to requested data  
• Provide access to CFUD system infrastructure 
• Adjust PRV settings 
• If necessary provide tapings on mains for flow measurements using WSO’s insertion 

flow meters 

 

Based on experience it is recommended that CFUD selects one staff member to be the internal 
Water Loss Control Program manager, who is the primary contact for WSO throughout the 
program.   
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3 INTRODUCTION TO WATER SYSTEMS OPTIMIZATION , INC. 

WSO is highly specialized in water loss management and reduction technologies including 
American Water Works Association (AWWA) water audits, leakage modeling, leak detection 
and repair, apparent loss assessment and reduction, and pressure management.  WSO has 
proven ability in this field through all phases of the project life cycle from investigation, 
analysis, design, development, planning and implementation.  Although technology plays an 
important role in what we do, at the core of our business are the people we employ to deliver 
the services for our clients.  All our project personnel are well-trained, skilled and 
experienced in our specialized field, and highly motivated to provide high quality service.  
WSO is able to provide world class experience with an intimate knowledge of North 
American methodologies, technologies and regulation.  The philosophy of WSO is to provide 
professional services using the most advanced and cost effective tools to yield a high standard 
of overall accuracy and reliability.  We are a strong believer in using data obtained from field 
tests and carrying out detailed component analysis for all of our water audit work, to increase 
the accuracy of analysis and the quality of our service. 

WSO was formed in 2002, and is now the industry leader in water loss management in North 
America.  Since formation, the company has been successfully using the AWWA 
recommended water loss management and assessment methodologies.  WSO has undertaken 
the largest water loss management projects in the United Sates over the past six years and was 
the lead firm on two key water loss related AwwaRF research studies.  Both studies have now 
been published by AwwaRF to provide North American water utilities with guidance on their 
water loss management activities.  The company is active within the AWWA and has 
employees that are established members of the AWWA Water Loss Control Committee and 
the International Water Association (IWA) Water Loss Task Force.  WSO has also advised 
the Californian Urban Water Conservation Council on regulatory parameters relating to water 
loss management. 

WSO’s key personnel comprise the most recognized individuals in North America with 
respect to the implementation of water loss assessment, management and reduction programs.  
WSO’s key staff consists of individuals with extensive national and international experience 
in developing and implementing cutting edge water loss management methodologies and 
technologies.  WSO’s key personnel not only deliver highly successful projects to clients but 
also contribute towards advancing the water loss management industry through continuous 
research work and publication of industry research reports, papers and text books.  WSO is 
uniquely positioned to guarantee clients the most advanced water loss management 
methodologies and technologies. 

The company has carried out the previous 5-year DMA measurement and leak detection 
survey service contract for Nashville Metro from November 2004 to November 2009 and has 
just recently been awarded the next 5-year DMA measurement and leak detection survey 
service contract for Nashville Metro from 2010 to 2015.  This 5-year contract includes the 
setting up of temporary district metered areas (DMA’s), flow and pressure measurement and 
analysis to determine leakage levels, prioritization of the DMA’s for leak detection, and leak 
detection survey to identify unreported leaks.  This is just one example of the many water loss 
control programs WSO has successfully implemented over the past eight years.
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4 STAFF RESUMES 

4.1 Stephen Preston – President - WSO  

Project Role: Project Director 

Years of Experience: 25 

Office Address: 102 Space Park South Drive, Nashville TN, 37211 

Education:  Graduateship of Royal Society of Chemistry (Pt1 with Practical) – Preston 
Polytechnic 
HNC Chemistry – Wigan College of Technology 
HNC Civil Engineering – Wigan College of Technology 

 
Stephen Preston is President of WSO.  He is also Managing Director of WSO’s parent 
company, Waterframe Limited and is also Managing Director of the WSO’s sister company in 
Papua New Guinea, Water Systems Optimization (PNG) Limited.  He has 25 years experience 
of water distribution system design, operation, network modeling non-revenue water and 
leakage management.  He has worked in many countries worldwide including USA, UK, US, 
Middle Eastern, African, Asian and Pacific region.  He developed highly successful Non-
Revenue Water reduction projects in Malaysia and Papua New Guinea. 

Stephen has extensive experience in creating DMAs and implementing pressure management 
schemes.  Steve has successfully implemented several system-wide DMA and pressure 
management schemes over the past 25years.  Stephen was involved in the original 
development of the Burst and Background Estimate (BABE) concept and he developed 
numerous water loss modeling and pressure management software suites during his career.  
Most recently he developed modeling software for component analysis of real losses, target 
setting and selection of appropriate intervention strategies against real losses.  

Recent WSO contracts that Stephen has participated in include the Phoenix Water Audit of 
2004, and the series of Nashville Water Audit contracts carried out in 2004, 2005, and 2006.  
In these contracts, Stephen carried out the detailed analysis of billing records and customer 
meter test data to quantify the scale of revenue losses due to meter under-registration and 
billing errors.  In the Phoenix Water Audit contract, the billing data and customer meter test 
data analysis carried out by Stephen identified one particular make and model of 5/8-inch 
water meter that was being used by the City of Phoenix which was responsible for 64% of the 
total revenue loss through under-registration of consumption.  These particular meters 
accounted for only 17% of the total meter stock in use.  The revenue loss through these meters 
was approximately 5 times worse than the average for other meter types.  In the most recent 
Nashville Water Audit contract, commercial end-use consumption profiles were obtained and 
used to calculate the revenue enhancement that would be achieved by meter right-sizing.  The 
average annual revenue enhancement before change-out cost for the pre-selected meters was 
$472 per meter for customers with currently installed 3-inch meters and $2,854 per meter for 
customers with currently installed 4-inch meters.  

In 2003, Stephen developed the Port Moresby Non-Revenue Water Reduction project for 
WSO’s sister company, Water Systems Optimization (PNG) Limited.  This three-year 
performance-based non-revenue water reduction contract was successfully completed under 
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Stephen’s direction in June 2006, and delivered a reduction in non-revenue water in excess of 
9 million gallons per day out of a starting production level of 45 million gallons per day. The 
annual saving to the client water company is of the order of $2.5 million.  

4.2 Reinhard Sturm – Vice President - WSO 

Project Role: Project Manager 

Years of Experience: 11 

Principle Office Address: 233 30th Street, San Francisco CA, 94107 

Education:  University of Natural Resources and Applied Life Science, Vienna, Austria 
M.SC. in Environmental Engineering 1998 
 

Reinhard Sturm is Vice President of Operations –West for WSO.  Reinhard has been working 
on Water Loss reduction projects throughout the world, including countries such as USA, 
Canada, Malaysia, India, Sri Lanka, Kazakhstan, Egypt, and Moldova.  For the past seven 
years his focus was on the U.S. and since then he has been involved in some of the biggest 
Water Loss assessment and reduction projects in the U.S.  

Reinhard was the Co-principle investigator for the AwwaRF research project #2928 “Leakage 
Management Technologies” where he was the lead researcher and also responsible for the 
successful management of the project.  This very prestigious research project, published in 
August 2007, provides North American water utilities with a detailed guidance on the most up 
to date and most applicable leakage management technologies such as DMA’s and advanced 
pressure management.  Reinhard is also a co-author of the AwwaRF research report 
“Evaluating Water Loss and Planning Loss Reduction Strategies”.  Reinhard is furthermore 
the co-author of the professional manual recently published by McGraw Hill and AWWA in 
June 2008 – “Water Loss Control Manual – 2nd Edition” .  Reinhard has published more than 
10 specialized papers on various topics related to water loss management over the past seven 
years.  

Reinhard is actively involved in the International Water Association – Water Loss Task Force 
(WLTF) where he served two terms as technical secretary and he is also actively involved in 
the American Water Works Association – Water Loss Control Committee (WLCC).  Four 
years ago Reinhard was invited by the California Urban Water Conservation Council to act as 
technical advisor on their revision of a best management practice for reduction of Non-
Revenue Water.  He has since then advised the council on how to assess and economically 
reduce all components of Water Loss.  

Some of the Water Loss assessment and reduction projects Reinhard recently managed for 
clients such as the Philadelphia Water Department PWD (2003 to 2010), San Francisco Public 
Utilities Commission SFPUC (2005 to 2007), El Dorado Irrigation District EID (2005), City 
of Phoenix Water Services Department (2003 to 2005) and Southern California EDISON 
(2007 to 2009) all included components very similar to the tasks outlined in this proposal. 

 

 

 



 Proposal for Two Year Water Loss Control Program Section 4 
 
 

 

  18 

4.3 Isabel Szendrey P.E. – Jr. Project Manager 

Project Role: Jr. Project Manager 

Years of Experience:  

Principle Office Address: 233 30th Street, San Francisco CA, 94107 

Education:  MSE Environmental Processes Engineering, Johns Hopkins University, 2002 
 BS Civil Engineering, Johns Hopkins University, 2001 

 
Isabel is a Jr. Project Manager in WSO working on Water Loss reduction projects throughout 
California and other US states.  Isabel has also worked in a variety of water, wastewater, and 
environmental projects in the US and Puerto Rico.  She has experience in regional planning 
and project planning for water and wastewater infrastructure projects, hydraulic models for 
water and wastewater distribution systems, and environmental permits.   

In the Water Loss field, she has worked on all aspects of the preparation of a validated 
standard water audit, including meter testing, field leakage measurements, flow and pressure 
data collection and analysis, billing data analysis, and leakage modeling.  She was a main 
participant in the City of Folsom water audit which has led to the project presented in this 
proposal.  As a result of the field tests of the system input meters carried out for that project, a 
system input meter that was not measuring the flow accurately due to improper installation 
was identified.  In addition, through the analysis of the billing data, Isabel was able to 
estimate a total utility-wide consumption volume when consumption data for only 10% of the 
customers was available.  This was a crucial step to determine a water loss volume for the 
City of Folsom.  

Isabel has also worked on other projects related to the Water Loss field.  For Southern 
California EDISON, she was involved in a pilot project to evaluate the nexus between water 
loss and energy consumption.  For the Philadelphia Water Department, Isabel conducted an 
analysis of water consumption trends to identify any changes in the consumption pattern due 
to the implementation of pressure controls in a district metered area within the utility.   
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5 BUDGET AND TIMELINE  

5.1 Budget Year One 

A breakdown of costs per task and hours assigned is provided as follows: 

 PROJECT TASK ASSIGNMENT MATRIX AND BUDGET YEAR ONE  

Staff Designation 
Project 
Director 

Sr. Project 
Manager 

Jr. Project 
Manager 

 

Hourly Rate $180 $165 $135 
 

Tasks 

Estimated 
hours per 

task 

Estimated 
hours per 

task 

Estimated 
hours per 

task 
Total Fee 

Kick-off Meeting 0 8 8 $2,360.00 

Task 1 – Initial Comprehensive Leak Detection Campaign NA NA NA $70,000.00 

Task 2 – Initial Bottom-Up DMA Measurements in Zone1 and 
Zone4,5,6 

40 204 108 $54,900.00 

Task 3 – Second Round of Comprehensive Leak Detection 
Campaign 

NA NA NA $70,000.00 

Task 4 – Final Bottom-Up DMA Measurements in Zone1 and 
Zone4,5,6 

8 52 20 $12,620.00 

Task 5 – Convert Zone 2 and Zone 3 into Permanent DMAs 8 80 40 $19,840.00 

Task 6 – Design and Implement Data Analysis and 
Management system for Leakage Monitoring in all DMAs 

40 120 80 $37,400.00 

Task 7 – Assess Potential for Subdividing Zone 2 into two 
DMAs and Subdivide if Possible 

0 0 0 ---------- 

Task 8 – Pressure Management 0 0 0 ---------- 

Task 9 – Calculate Economic Leakage Intervention Level of 
Each DMA 

0 0 0 ---------- 

Task 10 – Training of CFUD Personnel on Water Loss 
Management, Data Handling and Data Management 

0 40 20 $9,200.00 

Task 11 – Project Management of Entire Water Loss Control 
Program – Year One 

76 236 152 $72,380.00 

Total Time, hours 172 740 428  

Total Professional Fee $30,960.00 $122,100.00 $55,640.00 $348,700.00 

Reimbursable Expenses     $2,100.00 

Total Fee - Year One     $350,800.00 
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5.2 Budget Year Two 

A breakdown of costs per task and hours assigned is provided as follows: 

 PROJECT TASK ASSIGNMENT MATRIX AND BUDGET YEAR TWO 

Staff Designation 
Project 
Director 

Sr. Project 
Manager 

Jr. Project 
Manager 

 

Hourly Rate $180 $165 $135 
 

Tasks 

Estimated 
hours per 

task 

Estimated 
hours per 

task 

Estimated 
hours per 

task 
Total Fee 

Kick-off Meeting 0 0 0 ---------- 

Task 1 – Initial Comprehensive Leak Detection Campaign 0 0 0 ---------- 

Task 2 – Initial Bottom-Up DMA Measurements in Zone1 and 
Zone4,5,6 

0 0 0 ---------- 

Task 3 – Second Round of Comprehensive Leak Detection 
Campaign 

0 0 0 ---------- 

Task 4 – Final Bottom-Up DMA Measurements in Zone1 and 
Zone4,5,6 

0 0 0 ---------- 

Task 5 – Convert Zone 2 and Zone 3 into Permanent DMAs 0 0 0 ---------- 

Task 6 – Design and Implement Data Analysis and 
Management system for Leakage Monitoring in all DMAs 

0 0 0 ---------- 

Task 7 – Assess Potential for Subdividing Zone 2 into two 
DMAs and Subdivide if Possible 

8 40 40 $13,240.00 

Task 8 – Pressure Management 48 260 200 $77,540.00 

Task 9 – Calculate Economic Leakage Intervention Level of 
Each DMA 

16 80 16 $18,160.00 

Task 10 – Training of CFUD Personnel on Water Loss 
Management, Data Handling and Data Management 

0 40 20 $9,200.00 

Task 11 – Project Management of Entire Water Loss Control 
Program – Year Two – Including Draft and Final Report 

104 224 188 $80,120.00 

Total Time, hours 176 644 464  

Total Professional Fee $31,680.00 $106,260.00 $60,320.00 $198,260.00 

Reimbursable Expenses     $900.00 

Total Fee - Year Two     $199,160.00 
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5.3 Total Budget for Two Year Water Loss Control Program 

The cost for the proposed Two Year Water Loss control program is $546,960.000 for 
professional fees and $3,000 for reimbursable expenses resulting in a total project cost of 
$549,960.00.   
 
With the Two Year Water Loss Control Program estimated to achieve savings in the range of  
1,000MG/Year, with monetary savings of about $1.4M/Year, the cost for implementing this 
program will have a very short payback period.   
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5.4 Timeline 

 

Project Kick Off
1- Initial Comprehensive Leak Detection Campaign (260miles)
2- Initial Bottom-Up DMA Measurement in Zone 1 and Zone 4,5,6
    A) Field Tests to Verify Zone Integrity of Zone1 and 4,5,6
    B) Convert Zone1 and 4,5,7 Into Permanent DMAs
    C) Initial Leakage Level Measurement in DMA Zone1 and 4,5,6
    D) Comparison of Initial DMA Leakage Levels Against Water Audit Results
    E) Quantify Savings Achieved Through First Round of Leak Detection
    F) Design and Pilot Leakage Monitoring System for DMA Zone1 and 4,5,6
3- Second Round of Comprehensive Leak Detection Campaign (260miles)
4- Final Bottom-Up DMA Measurement in Zone1 and 4,5,6
    A) final leakage level measurement in DMA zone 1 and zone 4,5,6
    B) Quantify Savings Achieved Through Second Round of Leak Detection
    C) Calculate Background Leakage in DMA Zone1 and 4,5,6 and Extrapolate to Rest of System
5- Convert Zone 2 and 3 Into Permanent DMAs
6- Design Data Analysis and Management System for Leakage Monitoring in All DMAs
7- Assess Potential for Subdividing Zone 2 into two DMAs and Subdivide if Possible
8- Pressure Management
    A) Collect and Then Evaluate Pressure and Flow Data From All DMAs
    B) Design Advanced Pressure Management Schemes
    C) Pilot Advanced Pressure Management in One DMA
    D) Full Scale Implementation of Advanced Pressure Management
9- Calculate Economic Leakage Intervention Levels of Each DMA
10- Training of CoF Personnel on Water Loss Management, Data Handling and Data Management
11 - Project Management of Entire Water Loss Control Program

Preparation of Monthly Progress Reports
Preparation of Draft and Final Report

Month 20 Month 21 Month 22 Month 23 Month 24Month 15 Month 16 Month 17 Month 18 Month 19Month 10 Month 11 Month 12 Month 13 Month 14Month 3 Month 4 Month 5 Month 6 Month 7

Timetable for Water Loss Control Program Year One Year Two
Month 8 Month 9Month 1 Month 2
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5.5 Assigned Personnel 

Project Director:  Stephen Preston will be assigned as the Project Director for 
this project.  In his position he will be responsible for quality control and technical oversight 
in addition to providing technical input to the program. 
 
Sr. Project Manager:  Reinhard Sturm will be the Project Manager for this project.  
In this position he will be responsible to track the progress of the project and the individual 
tasks, be responsible for collection of data and necessary information, setting up and 
coordinating meetings and field work, data analysis and preparation and maintenance of 
records of meetings (including outcomes and tracking follow up items), prepare monthly 
progress reports for invoicing, prepare draft final and final report (with relevant input from 
Stephen Preston). 
 
Jr. Project Manager: Isabel Szendrey P.E. will the Jr. Project Manager for this 
project.  In her role she will be responsible for data collection and management and 
coordination of field work with CFUD.   
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Appendix A  
 

Proposed Equipment Information for Leak Detection and Flow and Pressure 
Measurements 
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Appendix B  
 

Example Leak Repair Form 
 
 
 



 

Sacramento River Bank Protection Project American River RM 0.5R 
Mitigation Site Final Plans and Specifications 
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